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Scope  Analyzes  Kecipnxating  Engines.  Special  cro  is  used  as  field  mainte¬ 
nance  t(M)l  to  anah/e  ignition,  vibration  and  pressure  of  reciprocating 
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Sin«>  and  squora-wove  outputs 
Wida  froquancy  rang* 

Readily  swept  with  G-R  Dial  Drives 
Small  size 

Fast  responding  AVC 
Calibrated  output  control 
Output  constant  with  frequency 
High  output 

Precision  frequency  control 
Compact  and  rugged 
Inexpensive 


lew  Iwps^iece  (90  Q)  Oatpet  tsr  Uais  tt  900 
OkM  «Mi  W^NT  No-loed  output  is  0-7  v, 
constant  to  within  w  1  db  up  to  200  kc; 
no-load  distortion  less  than  Is  from 
200  c  to  10  kc.  less  than  1.5s  over 
entire  frequency  range:  hum  at  least 
60  db  below  output-voltage  level. 


^  Type  1210-C  Unit  R-C  Oscillator,  $180.00 

The  NEW  General  Radio  1210-C  Unit  Oscillator  is  the  only  oscillator  in  its 
price  range  to  offer  three  separate  output  systems.  Square  waves  and  high*  or 
low-impedancc  sine  waves  are  yours  at  a  turn  of  a  knob. 

This  oscillator  is  unmatched  in  its  class  for  all-around  versatility.  In  addition 
to  its  usefulness  as  a  source  of  sine  and  square  waves  for  work  at  audio,  ultra¬ 
sonic,  and  low  radio  frequencies,  the  1210-C  can  be  employed  as  a  modulator  for 
r-f  oscillators,  and  as  a  trigger  for  pulse  generators. 

Specifically  designed  for  this  instrument  are  two  accessory  Synchronous-Dial 
Drives  that  readily  attach  to  the  oscillator  frequency  control,  allowing  auto¬ 
matic  plotting  and  display  of  amplitude  frequency  characteristics.  Laborious 
point-by-point  measurements  are  eliminated  by  this  inexpensive  sweep-driven 
oscillator  system  used  with  conventional  recording  equipment. 


Hicfe-taytdaMtdlJKQXkrtpat  torUadt  af  IS 
MMaa*  aad  WfiMr  No-load  output  is  0-45  v. 
constant  to  within  wl  db  from  200  c  to 
150  kc;  no-load  distortion  lass  than  5s 
from  200  c  to  200  kc  (distortion  raducad 
undar  load);  hum  at  least  50  db  below 
maximum  output  level. 


Saaara-Slava  a.9O0Q)0ataat:  0-30v  peak  to 
peak;  rise  bme  approximately  VSasec: 
overshoot  approximately  IX;  hum  at 
least  60  db  below  output-voltage  level. 


Frtquancy  Rangt:  20- 500, (XX)  cycles  in  5 
ranges. 

Frsquency  Controls:  Range  selection  switch 
and  4-inch  precision  gear-driven  dial. 
Dial  has  two  scales,  2-20  and  50-500, 
and  is  geared  to  a  slow-motion  knob 
that  covers  each  decade  in  about  4'/i 
turns. 

Frtquoncy  AccurKy.  ±3%. 

Output  Control:  Logarithmic,  calibrated 
0  50  db. 


Power  Requirements:  6.3  v 
a  c  or  d  c  at  1  amp;  ! 

300v  dc  at  50 ma:Type 
1203-B  Unit  Power  Sup¬ 
ply  ($40.)  recommend¬ 
ed  for  operation  from 
1 15  V,  50-60  cycles. 

Fastening  Power  Supply:  The  Type  1210-C 
Oscillator  can  be  firmly  and  perma¬ 
nently  attached  to  any  (5-R  Unit  Power 
Supply  by  using  the  two  stainless-steel 
locking  strips  supplied  with  oscillator. 


ACCESSORIES 

Typo  908-PI  Synchronous  Dial  Drive,  sweeps 
through  one  frequency  decade  in  50  sec; 
908-F*2  takes  6%  sec  per  decade.  $29.00 
for  either. 

Typo  480-P4U3  Relay-rack  Panel  for  mounting 
both  1210-C  Oscillator  and  1203-B  Power 
Supply  in  one  panel,  $10.85 
Typo  1210-PI  Detector  and  Discriminator  pro¬ 
vides  necessary  voltages  for  convenient  os¬ 
cillograph  display,  $80.00 


GENERAL  RADIO  Company 


275  Mat tachui«fts  Av«nu«y  Cambridg*  39,  Matt.,  U.  S.  A. 
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New  low  reflective  absorbents 
makes  free  space  tests  more  reliable 

Ten  times  lower  reflection  is  now 
available  with  ail  B.  F.  Goodrich 
Microwave  Absorbents.  This  0.1% 
material  gives  reliability  to  measure¬ 
ments  previously  unattainable  for  test¬ 
ing  of  guided  missiles  in  a  free  space 
chamber. 

You  can  now  be  sure,  by  selecting 
the  proper  B.  F.  Goodrich  material, 
that  you  will  get  this  0.1%  perform¬ 
ance  at  any  point  on  the  microwave 
frequency  spectrum. 

In  addition  to  this  outstanding 
quality,  the  B.  F.  Goodrich  absorbent 
is  light-weight,  fire-retardant,  easy  to 
install.  !t  will  not  deteriorate  in  per¬ 
formance  when  walked  upon  and  has 
excellent  wafer  and  weather  resistant 
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List  of  B.  F. 

Designation  1 

Goodrich  Broadband  Absorbents 

Lowest  Maximum 

Frequency*  Thickness  Reflection 

12  CM 

2600  me 

m''-2'' 

2% 

12  CM  -  1% 

2500  me 

lVi'-2'' 

1% 

12  CM  -  30db 

2500  me 

m”-2" 

0.1%  at  X-band. 
2%  eisewhere. 

6  CM 

5000  me 

r 

2% 

30  CM 

1000  me 

3V5'’-4'* 

2% 

30  CM  -  1% 

1000  me 

3Mr''-4" 

1% 

60  CM 

500  me 

7*-8' 

2% 

60  CM  -  1% 

500  me 

7'’ -8" 

1% 

100  CM 

300  me 

lO''-!!' 

2% 

200  CM 

150  me 

26” 

2% 

600  CM 

50  me 

69” 

2% 

8  CM-glass 
fiber 

3600  me 

1”-1V4” 

2% 

1  4  CM-giass 

fiber 

7500  me 

Vs” 

2% 

Most  Of  the  above  absorbents  can  be  furnished 
with  0.1%  maximum  reflection  at  selected  points 
in  the  frequency  band. 

‘Ail  perform  up  to  30,000  me 


propertic*s.  For  darkroom  use,  a  special 
white  compound  can  be  applied  to 
the  surface  of  the  pads  to  increase 
light  reflectance. 

When  you’re  investing  thousands, 
start  right  — specify  B.  F.  Goodrich  — 
the  company  with  the  longest  experi¬ 
ence  and  record  for  consistently  high 
quality  microwave  material.  For  new 
b<x)klct  on  these  absorbents  write  The 
B.  F.  Goodrich  Comi-tany,  486  Derby 
Place,  Shelton,  Connecticut. 


RF.Goodrich 

jnicro««rave  mbMorbmntM 
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High  Current  DC  Supplies 


Fast  Response. ..High  Amps... External  Sensing 


Two  new  high  output  power-packs — with  response  time 

ranging  from  0.2  second  down,  and  with  transistorized 
power  reference  and  magnetic  amplifier  power  control 
circuits  for  trouble-free  performance — that’s  just 
part  of  the  story  on  these  Sorensen  DC  power  supplies. 

One  model  supplies  an  output  of  18  to  36  VDC  at  125 
amperes;  the  other  provides  5  to  36  VDC  at  0  to  30  amps. 
Zener  diode  reference  circuit  assures  sharper  regulation, 
and  the  external  sensing  provision  puts  this  precise 

control  at  the  load.  Silicon  power  rectifiers  and  complete 
tubeless  design  increase  durability  with  reduction 
in  weight — and  greater  saving  in  size. 

Get  the  full  story  from  your  Sorensen  representative. 

Or  write  for  technical  data. 


Modtl  MA28-12S 

Output:  28  VDC  nominal  at  125  amps. 

Ragulation  accuracy  of  ±  0.2%. 

Rippla:  <  1%  RMS. 

Rasponsa  tima:  <0.1  sacond. 

Choica  of  input  voltaga:  208,  230, 
or  460  VAC.  3  phasa. 

Weight:  225  pounds. 

$1160  in  cabinet. 

Modal  MR36-30 

Output  current.  0-30  amps,  output 
voltaga.  5  to  36  VDC  continu¬ 
ously  adjustable  with  regulation 
±  0.25%  against  line  or  load 
change. 

Response  time  of  0.2  second. 

Input  voltage:  105  to  125  VAC. 
single-phase. 

Weight:  175  pounds. 

$890  in  cabinet. 

Also  supplied,  as  Model  MR36-15, 

with  output  current  0-15  amps, 

otherwise  similar. 

Weight:  100  pounds. 

$495  in  cabinet. 


CONTROLLED  POWER  FOR  RESEARCH  AND  INDUSTRY 


SORENSEN  &  COMPANY,  INC. 

Richards  Avenue,  South  Norwalk.  Conitecticut 


In  Europe,  contact  Sorensan-Ardag.  Eiehstrstsa  29,  Zurich,  Switxerland,  for  all  products  including  50  cycle.  220  volt  equipment 
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New 


RELIABLE 
COMPUTER 
TRANSISTORS 
switch  1  ampere 

Hfe  controlled  at  high  currents 
Temperature  range  -65°c  to  +8S°c 


Type 

Punch 

through 

Voltage 

(nax. 

fab 

ave. 

Me 

Hrt, 

ave. 

I.  »  1  mA 

VcE  »  -0.25v 

Hri, 

ave. 

Ib  a  !•  mA 

VcE  a  -0.35v 

Ico 

at  -12v 

mA 

rb' 

Ic  “  —1mA 

ohms 

Cob 

VrB  a  -6v 

2N6S8 

-24 

5 

50 

40 

2.5 

60 

12 

2N659 

-20 

10 

70 

55 

2.5 

65 

12 

2N660 

-16 

15 

90 

65 

2.5 

70 

12 

2N661 

-12 

20 

120 

75 

2.5 

75 

12 

2N862 

-16 

8 

25  min. 

50 

2.5 

65 

12 

Typical  values  at  25*C  unless  otherwise  indicated  Dissipation  Coefficients;  In  air  0.35*C/mW:  Infinite  Sink  0.18*C/mW 


These  new  PNP  Germanium  Computer  Transistors  made  by  Raytheon’s  reliable  fusion-alloy 
process  add  to  the  already  comprehensive  line  of  Raytheon  Reliable  Computer  TVansistors 
which  include  several  in  the  Submin  (0.160"  high,  0.130"  dia.)  package.  Write  for  Data  Sheets. 


SEMICONDUCTOR  DIVISION 

^  Silican  ond  Carmonium  Diodat  and  Transisfars  •  SiScoo  tacfiflars 


Nawtan,  Mast . 55  Ckapal  Sf.,  BIflsIow  4-7500 

Naw  Tark . 589  Fififi  Ava.,  noio  9-3900 


Chicasas  9501  Grand  Ava.,  FronkKn  Pork,  NAfionol  5-6130 
Las  Angalasi  5236  Santo  Monica  Blvd.,  NOrmandy  5-4331 


emeu  4  ftEADIRS  SERVieE  eARO 
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BUSINESS  BRIEFS 

ELECTRONICS  NEWSLETTER 

RUSSIA’S  rillRH  SPUIMK,  not  yet  launched 
at  press  time,  rejxrrtedly  weighs  5  to  6  tons. 
Its  orbit  around  the  earth  may  take  it  to  the 
dark  side  of  the  moon.  'I'his  was  recently  re¬ 
ported  from  Moscow  by  a  Polish  corrcsfK)ndcnt. 
He  said  the  new  Soviet  sputnik  will  Ik*  put  into 
orbit  by  a  rocket  much  bigger  and  more  powerful 
than  those  used  in  launching  the  first  two.  Its 
speed,  he  reported,  will  be  .great  enough  to 
put  it  in  an  orbit  so  far  away  that  it  will  circle 
l)oth  earth  and  nKK)n. 

N.VnONAI,  AKRON  Auric:s  AND  SPAC:F 
AGF.NCY  recommended  by  President  Fisen- 
hower  should  have  a  three-part,  comprehensive 
program,  in  the  opinion  of  Hugh  I-.  Drydcn, 
director  of  the  National  .\dvisory  Committee 
for  .\eronautics.  I  hesc  would  Ik:  (1)  an  ade¬ 
quate  research  effort  on  space  technologs  prob¬ 
lems;  (2)  desclopment  and  use  of  unmanned 
schiclcs  capable  of  carrsing  nccessars  scientific 
data-gathcring  apparatus;  (^)  development  and 
orderly  use  of  man-carrying  sehiclcs  in  the  ex¬ 
ploration  of  the  solar  system. 

RFFIABIIJIY  must  Ik  engineered  into  weajxms 
systems  projects  from  the  outset,  .\ir  Force 
(kn.  C.  S.  Irsine  told  the  1958  Flectronic 
Components  Conference  m  Ixis  Angeles  last 
month.  He  declared  that  (1)  adsanced  find¬ 
ings  of  electronics  research  should  be  applied 
as  quickly  as  jxissiblc  and  early  test  results  fnllv 


and  carefully  analyzed;  (2)  materials  engineer¬ 
ing  should  assure  that  metals,  alloys,  ceramics 
and  plastics  will  withstand  environmental 
stresses;  (5)  mechanical  engineering  must  not 
be  a  weak  link  in  the  chain.  Irsine  cited  the 
need  for  automatic  testing  tools,  checking 
equipment  and  more  efficient  instrumentation 
generally.  In  the  case  of  the  Atlas  program, 
he  said  that  only  30  percent  of  its  cost  went 
for  missiles,  with  70  percent  for  support  gear. 
Firms  that  produce  reliable,  reasonably  priced 
components  should  get  a  fair  share  of  the  S7 
billion  annual  Air  Force  outlay  for  hardware. 

SOMF  I  SINGFF-S  I AGF  ROCKF  I  which  rose 
to  294-1111  height  Feb.  21  (IkEciROMCS.  May 
2.  p  19),  carried  a  barium  titanate  transducer 
to  study  micrometeor  density,  llie  Russians 
rcfiort  that  micrometeor  mosement  was  reli¬ 
ably  determined  up  to  186  mi,  with  268  colli¬ 
sions  registered  between  78  and  186  mi. 

NF\N  MAIFRIAL  FOR  HIGH  IKMPERA- 
I’URP’  operation  “could  play  a  major  role  in  the 
solution  of  severe  reentrs  problems.”  Fhat’s  w  hat 
engineers  John  11.  Lux  of  Haveg  Industries  and 
Norbert  1 1.  Noland  of  Reinhold  Engineering 
and  Plastics  told  last  month's  Canada-United 
States  Chemical  Engineering  Conference  in 
Montreal.  Nose  cones  are  already  being  made 
of  the  new  material,  described  as  a  new  class  of 
compounds  neither  metal,  plastic  nor  ceramic. 


ELECTRONICS  PRODUCTION  INDEX 


OCT  NOV  DEC  JAN  •  FEB  MAR  APRIL 

RECEIVER  PRODUCTION 


THE  YEAP 

Totals  for  first  two  months 

RECEIVER  PRODUCTION 

1958 

1957 

Percent  Change 

(Sourte:  EIA) 

Apr  IP,  '58 

Apr.  11, 'S8  Apr.  19, '57 

Receiving  tube  sales  ... 

56,466,000 

82,031,000 

-31.2 

Ttitvition  >ftt,  total  . 

7t.,118 

76,954  70.269 

Transistor  production  , . . 

...  6.061,955 

3,221,000 

4  88  2 

Radio  s«tt,  total  . 

15t;.588 

18).461  266,707 

Cathod«>ray  tube  sales  . 

...  1,178,046 

1,489,223 

-  2.1 

Auto  jott . 

A2,605 

61,024  94,406 

Television  set  production 

.l>04,396 

914,897 

-12.1 

STOCK  PRICE  AVERAGES 

Radio  set  production  . . . 

1,903,418 

■  2,350,294 

-19.0 

(Source:  Standard  A  Poor's) 

Apr  23,  '58 

Apr.  16,  '58  Apr.  24,  '57 

Tv  set  sales . 

...  1,030,213 

1,148,796 

-10.3 

Radio-tv  A  electronics  . 

45.49 

44  76  51.27 

Radio  broadcasters  . 

5873 

58.31  68  74 

(exet.  auto)  . . 

....  954,705 

1,088,392 

-12.3 
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posals  arc  Ixring  studied  b\'  other 
railroads,  warehouses,  and  mail 
order  comp;inics.  It  is  expected 
tlie  system  will  lx;  used  on  sacked 
mail  now  prcKcssed  manually. 

Installations  may  appear  in  New 
^’ork,  Chicago  and  Washington. 
System  is  also  under  consi<leration 
in  Los  .Angeles,  Boston,  and  some 
large  midwest  cities. 


Transistor  Output 
Up,  Prices  Down 


Klectionic  memory  unit  (left)  activates  paddle  system  (right)  to  unload  conveyor 
belt  as  railroaders  .  .  . 


Use  Electronics  To  Sort 


Tr.snsistor’s  tf.nth  .snmvk.rs.sry 
next  month  prompts  a  l(X)k  at  its 
growing  market  and  dropping  price 
levels.  Ilic  trend  to  increased  out¬ 
put  and  lower  unit  prcxluetion  cost 
continues  this  year. 

.Some  1  3  million  units  valued  at 
S37  million  were  sold  in  19s6.  Bv 
19s7  sales  of  more  than  2S  million 
units  were  worth  S70  million.  I'his 
year,  as  volume  continues  to  rise, 
a  number  of  price  rcxluctions  have 
Ikcii  announced. 

.At  least  two  companies  have  re¬ 
cently  cut  prices  ranging  up  to  2? 
percent  on  entertainment  type  ger¬ 
manium  transistors.  One  says  re¬ 
ductions  are  the  result  of  inereasexl 
output  aixl  new  economies  in  pro¬ 
duction  on  some  germanium  types. 
'Hie  firm  believes  price  cuts  will 
spur  use  of  germanium  transistors 
for  home  entertainment  sets. 

.Another  firm  cut  prices  about 
eight  percent  on  seven  pup  alloy- 
junction  types  used  primarily  for 
audio-frequency  amplifier,  intcr- 
mcdiatc-frequencv  amplifier,  broad¬ 
cast-band  converter  and  push-pull 
amplifier  service. 

Conservative  estimate  of  Ki.f.c- 
TROMcs  researchers  for  196s  is  a 
market  for  -400  million  transistors 
worth  S200  million. 


New  transistorized  system  employing  digital 
techniques  solves  costliest  mail  problem 


I  r-snsistorized  system  using  dig¬ 
ital  techniques  for  sorting  parcel- 
post  mail  has  been  installed  at 
Pennsylvania  Railroad’s  Philadel¬ 
phia  terminal. 

Railroaders  say  the  new  system, 
installed  by  Stewart-W'arner,  solves 
the  costliest,  most  time-consuming 
problem  of  railway  mail  handling. 

Problem:  To  sort  parcels  too 
large  for  mail  sacks,  and  route  them 
to  the  propx;r  train.  J 

Solution:  Unsorted  package, 
ranging  in  size  from  egg  crates  to 
hand  luggage,  are  placed  on  a  220- 
ft  conveyor  belt.  As  each  item 
passes  a  coding  station,  two  opera¬ 


tors  signal  memory  system  to  indi- 
c'ate  at  what  pK)int  each  parcel 
should  be  unloaded.  System  con¬ 
tains  39  removal  points. 

C(k1c  information  is  entered  into 
a  buffer  storage  unit  as  binary  C(xled 
bits.  An  electric  eye  beamed  across 
the  conveyor  belt  senses  passage  of 
the  parcel  and  transfers  its  coded 
unloading  destination  to  a  tran¬ 
sistorized  shift  register. 

.As  the  parcel  moves  along  the 
belt,  coded  information  moves 
along  the  shift  register.  .A  decoder 
which  is  a  large  “ano”  gate  syn¬ 
chronized  with  the  travel  rate  of 
the  conveyor  belt  awaits  the  projx;r 
timing  pulse. 

W’hen  this  (K;curs,  a  transfer 
mechanism  m  the  form  of  a  paddle 
is  activated.  I’he  paddle  pushc*s  the 
parcel  off  the  belt  on  to  a  right- 
angle  conveyor.  W’aiting  baggage 
trucks  then  pick  up  the  parcels  and 
move  them  to  the  projx:r  train  plat¬ 
form. 

Manual  sorting  generallv  re¬ 
quires  15  men.  This  system  docs 
the  job  with  five. 

Previous  practice  allowed  about 
25  truckloads  of  mail  to  pile  up 
lx;forc  sorting.  Crews  worked  at 
other  tasks,  rather  than  stop  each 
time  a  truck  arrived. 

flic  new  process  allows  sorting 
to  complete  itself  once  the  main 
conveyor  lx:lt  is  loaded.  Pennsy 
officials  say  arriv  ing  mail  now  makes 
the  first  train  out. 

It  is  reported  several  system  pro- 


Polaris  Telemeter 


Satellite's  Eye 
Needs  Tv  Retina 


.Astronomers  at  the  Princeton 
Universitv  Observatory  tokl  Ki.fc- 
TRONics  in  a  recent  interview  that 
telescopic  observation  of  the 
heavens  from  a  satellite  will  rcciuirc 
extensive  tv  camera  tube  re¬ 
search.  I’hc  problem,  they  say,  is 
that  light  gathered  from  faint  astral 


First  photo  of  Polaris  hardware  shows 
Polaris  test  missile’s  telemetering  unit 
getting  check  out  before  being  sent  to 
Lockheed’s  test  facility  at  Cape  Can¬ 
averal  for  firing 
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Olfltal  Caaiaattr  lattrvtNtlM  aad  Display 
SystaM  desifned  and  fabricatad  by  Strombcrg- 
Carlton  Company,  a  Division  of  General 
Dynamics  Corporation,  for  ttie  Air  Proving 
Ground  Center  (ARDC)  Armament  Division,  Eglin 
Air  Force  Base.  The  system  Is  built  around  the 
CHARACTRON*  Shaped  Beam  Tube,  designed  by 
Stromberg-Cartson  for  high-speed  information 
display  and  micro-film  recording. 


C-aoo  Lambda  Com-Pak  Power  Sapplies  used  In  the 

Eglin  Air  Force  Base  installation  require  only  7' 
front  panel  height. 


Where  power  supply  dependability  is  vital 


standard  Lambda  power  supplies  are  components  of  the  Digital  Com* 
puter  Intervention  and  Display  System  associated  with  the  UN IV AC 
Scientific  Computer  at  the  Air  Proving  Ground  Center  (ARDC)  Arma¬ 
ment  Division,  Eglin  Air  Force  Base,  Florida. 


Available  for  immediate  delivery,  Lambda  power  supplies  from  stock 
are  being  used  in  major  rocket  and  missile  programs,  among  other 
military  projects.  They  are  specified  also  for  more  industrial  and  re¬ 
search  applications  than  the  ten  next-most-popular  makes  combined. 

Send  for  the  current  Lambda  catalog.  It  covers  the  complete  new 
Com-Pak  series,  as  well  as  other  rack,  bench  and  portable  models, 
for  all  needs  through  1.5  amperes. 


Easy  tcrvlciag.  All  wiring,  tubas  and  other  com¬ 
ponents  are  readily  accessible.  You  can  reach  them 
easily,  service  them  fast. 


COM  PAK*  SUPPLIES  SAVE  PANEL  SPACE 

Madels  through  1 J  amperes 
Three  valtan  raugas:  0-200, 12S-32S,  32S-S2S  ViC 
C-200  series-  200  MA-SVh'  panel  height-from  $159.50 
C-400  series-  400  MA-5V4''  panel  height-from  244.50 
C-BOO  series-  BOO  MA-7'  panel  height-from  315.00 
C-1500  series-1500  hlA-BVi'  panel  height-from  550.00 


Electronics  C^orp, 

11-11  131  STREET  .  COLLEGE  POINT  56.  NEW  YORK 

INDEPENDENCE  1-8500  Cable  Address:  Lambdatron,  New  Yorh 


*CNAaACTaON  Is  a  Uadt-niark  «<  Strombari-Carlton.  a  DMtian  o<  Canaral  Dynamics  Corporation,  rafistarad  In  tha  U.S.  Fatant  Office,^ 


CIRCLE  5  READERS  SERVICE  CARD 


P»rc«nt  Chang*  of  Inductatic* 


ARNOLD  offers  you  the  widest  selection 
of  Temperature  Stabilized 
MO-PERMALLOY  POWDER  CORES 


Arnold  Molybdenum  Permalloy  powder  cores  are  available 
with  the  temperature  coefficient  of  inductance  controlled 
within  certain  limits  over  specihc  temperature  ranges.  Most 
core  sizes  and  permeability  combinations  can  be  supplied 
in  at  least  one  of  the  four  different  types  of  temperature 
stabilization  available. 

For  example,  most  of  the  popular  core  sizes  are  manu¬ 
factured  in  the  new  type  of  wide  range— "W”— stabilized 
cores  whose  temperature  coefficient  of  inductance  does  not 


exceed  0.5%  over  the  temperature  range  covered  by  the 
MlL-T-27  specification  of  -55“  C  to  +85“  C. 

This  type  of  guaranteed  maximum  change  of  inductance 
with  temperature,  as  well  as  the  constancy  of  permeability 
with  time  and  flux  level,  are  of  particular  importance  to 
apparatus  and  circuit  engineers.  Many  precision  military 
and  industrial  applications  demand  the  uniform  performance 
and  the  excellent  physical  properties  found  only  in  Arnold 
Mo-Permalloy  powder  cores. 

For  design  flexibility  they  are  furnished  in  a  full  range  of 
sizes,  up  to  5.218"  O.D.,  in  four  standard  permeabilities: 
125,  60,  26  and  14.  You  will  find  them  dependable  and  easy 
to  use.  You  will  find  most  sizes  and  types  in  stock  now 
for  immediate  shipment. 

•  Let  us  furnish  your  requirements  for  temperature  sta¬ 
bilized  Mo-Permalloy  powder  cores,  or  any  magnetic  mate¬ 
rials  you  need,  from  the  most  complete  line  in  the  industry. 


tor  moro  Informotioii  writ*  for 
Birilotin  WC-104B 

Lists  compirtf  line  of  Mo-Permalloy  Powder 
core*  .  .  .  available  in  25  siies  from  0.260"  O.D. 
to  5.218"  O.D.  Furnished  also  with  various  tyi** 
of  temperature  stability  from  Type  "A"  un- 
stabilii^  to  Type  “W  stabilized  over  the  tem¬ 
perature  raruie  of  -65®  F  to  -1-185®  F. 

AODBISS  DIPT.  B-8S 


'The  Arnold  Engineering  Company 

Main  Office  A  Plant;  Marengo,  Illinois 

B*yH>  P*«MI«  DtvW««  Ptainti  *41  Iwt  *1*1  L**  Aw— I—.  C«W. 

Dki  ki  Salt  Offkt: 

■otfoni  49  WeMiom  Si.,  twalwftOB  lot  Anguhi)  3450  WilsMr*  SK*. 
NowYofki  350  tlMiAv*.  WoiMn^fon,  O.C.r  1001 -ISih  St..  N.W. 
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CIRCLE  7  READERS  SERVICE  CARD' 


i 


the  most  versatile. .  .most  sensitive  direct  writing  unit  available 


Combining  all  these  features 


stable  d-c  sensitivity  of  one  microvolt  per  mm 
'iz  fru*  difFerential  input 
high  input  impedance 
'sfr  response  to  beyond  150  cps. 

^  reluctance,  differential  transformer,  strain  gage  with 
a-c  or  d-c  excitation,  thermocouples,  etc.,  used  with 
all  amplifiers 

deflection  time  less  than  2  milliseconds 
fixed  precision  calibration 
^  instant  warm-up 

^  precision  source  for  d-c  and  400  cycle  excitation, 
self-contained 


zero  suppression,  twenty  times  full  scale,  both  directions 


all  these  features... plus  8  channels  in  only  3374  of  rack  space 


Whatever  your  application  for  direct  writing  recorders 
.  .  .  you  should  investigate  the  ability  of  the  Oflfner 
Type  R  Dynograph  to  do  the  job  better  and  more 
simply.  Using  transistor  circuits*  developed  and  tested 
for  over  two  years  in  hundreds  of  channels  of  Offner 
medical  equipment,  the  Type  R  Dynograph  is,  we  be¬ 
lieve,  superior  in  practically  every  respect  to  any  other 
direct  writing  oscillograph.  Write  on  your  company 
letterhead  for  literature  giving  details  and  specifications. 


*Patent$  granted  and  pending 


ELECTRONICS  INC. 

5324  N.  K«dzi«  Av«.,  Chicago  25,  U.S.  A. 


ruu^lt,  UMttfOUC»ID  CHARTS  PROSUCEDD 
ON  THE  TYPE  R  DYNOORAPM 


EXTRIMi  SOMITlVtTY-. 

MkeavoH  RMS  Ton  MkrovoR 

Skw  W«v«  D-C  Square  Wav* 

fkmt  rtcmn/ing  media.  Heat  or  etectric  rectilinear 
Ink  or  electric  curvilinear.  Readily  cun*c  rribSfi 


^4 


■ » 


t 


bodies  cannot  be  detected  using 
available  tubes.  W'hat  is  needed  is 
an  imagc-orthicon  tube  with  a  high- 
gain  semiconductor  target  that  can 
build  up  a  charge  over  a  period 
of  an  hour  and  a  half  before  scan¬ 
ning  without  appreciable  leakage 
from  globule  to  globule  in  the 
mosaic,  the  astronomers  say.  If 
such  a  tube  can  be  developed,  it 
is  planned  to  use  tv  techniques  to 
aim  the  telescope,  focus  the  image- 
received,  and  photograph  the  image 
from  a  ground  installation. 

In  the  Navy’s  Stratoscojx;  proj¬ 
ect  (Ei-ECTronics,  Jan.  10,  p  24) 
also  under  direction  of  Princeton 
Universitv-  Observatory,  the  entire 
servo  system,  used  to  compensate 
for  telescope  motion  and  relative 
movement  of  the  sun,  and  the 
camera  arc  contained  in  a  balloon 
gondola.  Since  space  and  weight 
are  at  a  premium  in  a  satellite,  how¬ 
ever,  it  is  more  feasible  to  use  a 
tclescop>c  in  conjunction  with  a  tv 
camera  and  transmit  the  field  of 
view  to  ground  observers. 

Tclcscop>c  positional  errors  will 
be  detected  on  tv  monitors  and  cor¬ 
rected  from  the  ground.  Instead  of 
using  a  satellite-borne  camera  whose 
film  might  Ik-  affected  by  spurious 
radiations,  the  monitor  screen  will 
be  photographed.  According  to 
plans,  the  mosaic  in  the  tv  camera 
will  be  read  at  a  rate  of  one  scan 
p)cr  sec.  This  will  permit  use  of 
conventional  telemetering  channels 
for  data  transmission. 


NN'^idc  varies-  of  transducers  feed  sig¬ 
nals  to  this  control  board,  making 
the  .  .  . 


A-Plant  Control 
Bill  $1.9  Million 

Insi  rumentaiion  and  controls  for 
the  new  full-scale  civilian  power 
reactor  at  Shippingjxrrt,  Pa.,  cost 
$1.9  million,  according  to  West- 
inghousc  Electric  Corp. 

TTic  instrumentation  has  four 
main  jobs:  providing  information 


WASHINGTON  OUTLOOK 

Many  military  aircraft  electronics  contractors  arc  coniplaining  alxrut 
Pentagon  fiscal  restrictions.  '1  here’s  talk  about  stretchouts  in  delivery 
schedules,  requests  for  delayed  billings,  postjxrncd  contract  awards  and 
payment  delays. 

Defense  Dept,  spokesmen  deny  that  slow  payment  measures  are  in 
the  works.  'I  hcy  dismiss  the  charges  as  a  campaign  to  force  the  Pen¬ 
tagon  to  boost  progress  payments  back  to  last  year’s  KM)  percent  rate  on 
cost-reimbursement  type  contracts.  Current  rate  is  80  picrcent.  ' 

'I  he  Navy’s  Bureau  of  Aeronautics,  however,  is  having  serious  fiscal  | 
problems.  'Ilic  agency  is  up  against  a  tight  budget  ceiling,  is  trying  | 
to  slash  cash  outlays  between  now  and  June  ^0.  It  has  put  into  effect  j 
a  new  policy  holding  back  contract  awards  unless  the  contractor  agrees  j 
to  forego  progress  paviucnts  at  least  until  July  1. 

•  The  Air  Force  denies  talk  of  slow  payments  to  contractors.  “W'c 
arc  paying  on  time,”  says  Asst.  .\ir  Force  Secy,  I.ylc  Garkxk 
(Comptroller).  “In  fact,  we’re  probably  paying  trx)  promptly. 

In  many  instances  we’re  paying  the  Siiiiie  day  bills  arc  tendered.’’ 

Nevertheless,  there  seems  little  doubt  that  the  Pentagon  has 
been  forcing  some  aircraft  electronics  contractors  to  carrv  a  heavy 
financial  load  ever  since  last  year’s  budget-cutting  drive.  And 
despite  the  speedup  in  defense  production  scheduling  and  con 
tracting,  there’s  no  sign  that  the  Defense  Dept,  will  relax  the 
restrictions  on  progress  pavmcnts. 

•  No  one  denies  that  Defense  Secy.  McF.Iroy  has  set  up  ex|K-ndi- 
turc  targets  for  the  military  services.  In  effect,  these  arc  ceilings 
on  spending;  but  Pentagon  budgetcers  stress  their  flexibility.  The 
sum  for  fiscal  1958,  ending  June  50,  is  now  $59. 1  billion— increased 
for  the  fourth  time  from  the  initial  S5H-bilIion  estimate. 

Fiscal  1958  expe-nditiires  through  March  totaled  $28.8  billion, 
which  leaves  $10.5  billion  as  the  s|x-nding  target  for  April-Jime. 
'I'he  S10.5-billion  figure  is  slightiv  more  than  April-June  1957 
spending. 

riic  target  for  fiscal  1959,  starting  July  1,  is  now  $-K).4  billion. 
This  includes  $7  billion  for  aircraft,  $5.4  billion  for  missiles  and 
$904  million  for  communications  and  other  electronics.  'I'he 
target,  however,  is  almost  certain  to  be  raised  again. 

•  'I'he  Air  Force’s  Ciarhxk  has  sounded  a  warning  to  contractors. 
He  has  asked  companies  to  project  long-range  billing  plans  based 
on  existing  development  and  production  projects.  If  projected 
cxjK-nditurcs  forecasts  arc  “out  of  line,”  the  Air  Force  “would 
have  to  change”  prrxluction  schedules,  he  says.  So  far,  this 
hasn’t  Ix-cn  done. 

•  Navy  officials  are  touting  the  virtues  of  a  new  management  con¬ 
trol  system.  'I'hcy  give  it  part  of  the  credit  for  the  fact  that  the 
Polaris  missilc-and-submarinc  weapons  system  is  two  years  ahead 
of  schedule. 

Electronics  contractors  arc  among  those  in  industry  that  arc 
studying  the  management  control  system  for  their  own  use.  Navy 
men  say.  Similarly,  other  military  scniccs  and  the  Pentagon’s 
new  Advanced  Research  Projects  Agency  arc  seeing  whether  they 
can  use  the  system  to  keep  control  of  their  own  research  and 
development  projects. 
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NOW  I  END  READOUT  CONFUSION 

with  the  new  KIN  TEL  digital  voltmeter 


ANOTHKft  FIRST  FROM  KIN  TSUI  Here  is  8  digital  voltmeter  that 
shows  numbers  on  a  readable  single  plane!  With  kin  tel’s  new 
design,  there  are  no  superimposed  outlines  of  numbers  in  the 
picture... no  confusion  caused  by  dials  and  old  style  numerical 
readouts.  This  digital  readout  uses  a  simple  projection  system  - 
provides  7,000  to  8,000  hours  of  lamp  life,  compared  with  100  to 
200  hours  for  ordinary  readouts. 

FIRST  OF  A  COMFLKTS  UINS  OF  DIGITAL  INSTRUMENTS!  Others 

include:  Converters  for  measuring  AC,  ohms,  ratios... multiple 

input  scanners _ serial  converters  to  drive  typewriters  and 

punched  tape  units. 

wios  APPLICATION  I  KIN  TEL  digital  instruments  are  ideal  for 
automatic  check-out  systems  for  missiles  and  rockets;  computer 
measurements;  process  control  monitoring;  production  testing; 
test  system  calibration;  strain  gage,  thermocouple  and  other 
transducer  measurements,  and  calibration  of  laboratory  and 
industrial  electronic  instruments. 

Talk  to  your  local  kin  tel  representative.  Sales  and  service 
everywhere.  Or  write  us  direct  for  further  information. 


100  Microvolt  Sensitivity 
Automatic,  Continuous  Standard 
Cell  Calibration 
High  Reliability 

0.0001  to  999.9V-PIUS  Automatic 
Decimal  and  Polarity  Indication 


SPECIFICATIONS 

Display... Four  (4‘  digit  with  automatic  polarity 
indication  and  decimal  placement.  Total  display  area 
2  ’  high  X  7.5  long,  internally  illuminated, 
individual  digits  1.25'  high. 

Automatic  Ranges  .0.0001  to  999.9  volts  covered 
in  four  ranges. 

Accuracy  .0.01%  or  1  digit,  whichever  is  larger. 

Counting  Rate  .30  counts  per  second,  providing 
average  balance  (reading)  time  of  1  second,  maximum 
balance  time  of  less  than  2  seconds. 

Reference  Voltage  ..Chopper-stabilized  supply,  referenced 
to  an  unsaturated  mercury-cadmium  standard  cell. 

Input  Impedance...  10  megohms,  all  ranges. 

Output... Visual  display,  plus  print  control. 

Automatic  print  impulse  when  meter  assumes  balance. 

No  accessories  required  to  drive  parallel  nput  printers. 

Input...  115  volt,  60  cycle,  single  phase, 
approximately  75VA. 

Dimensions... Control  unit,  S'/x”  high  x  19’  wide  x  16’ 
deep.  Readout  display,  S'.'i’  high  x  19”  wide  x  9’  deep. 
Weight... Approximately  40  lb. 

Price. ..52,100 

Over  10,000  KIN  TEL  Instrumenia  In  ute  today! 


See  the  difference! 


ORDINARY  READOUT 


5735  Kearny  Villa  Road 
San  Dleio  11,  California 


A  DWitiM  of  CeiHi  Electronict  Inc. 


CLEAR  AND  SHARP,  ANY  WAY  YOU  LOOK  AT  IT 


KIN  TEL  READOUT 
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to  the  operators,  running  the  safety 
circuits,  providing  reactor  design 
information  and  protecting  people 
in  and  around  tire  plant  from  radia¬ 
tion  hazards. 

The  nuclear  reactor  itself  has 
two  instrumentation  systems.  One 
monitors  the  core’s  neutron  flux 
level  with  three  independent  chan¬ 
nels.  each  provided  with  a  propor¬ 
tional  eounter  and  a  compensated 
ion  chamber.  I’hese  ehannels  pro¬ 
vide  control  data. 

The  other  reactor  system  pro¬ 
vides  information  on  core  condi¬ 
tions:  temperature  data  from  ther- 
moeouplcs.  flow  and  differential 
pressure  data,  location  of  failed  fuel 
elements  and  presence  of  fission 
products  in  the  coolant. 

A  second  group  of  instruments 
co\crs  all  the  “conventional”  meas¬ 
urements  of  the  water  system. 
Shippingport  is  a  pressurized  water 
reactor.  Signals  for  control  and 
alarm  circuits  are  also  supplied  hv 
thermocouples,  thermometers  and 
pressure  instruments. 


Molten  zone  of  a  gallinin  arsenide  rod 
Is  examined  at  Bell  Labs  during  crystal 
growing 


Labs  Pushing 
Intermetallics 

lNrF.RMETAI.t.IC  COMPOUNDS  this 
year  arc  showing  new  research 
promise  for  specialized  device  de¬ 
velopment.  Indium  antimony  and 
gallium  arsenide  arc  among  the 
compounds  that  may  eventually 
find  more  widespread  use  in  certain 
specific  diode  and  transistor  appli¬ 
cations,  F.i.f.ctronics  learns. 

One  recent  research  success, 
floating  zone  refining  of  intcr- 
inctallics,  was  announced  last 
month  by  Bell  Telephone  Labora¬ 
tories.  Basic  work  was  done  on 
gallium  arsenide,  but  scientists  be- 


MILITARY  ELECTRONICS 


•  Why  Atlas’  radio-inertial  guid¬ 
ance  system  is  virtually  jam  proof 
(Er.ECTRONics,  .\pr.  2s,  p  H)  has 
been  further  illuminated  exclusively 
tor  Ei.ecironics. 

Solution,  according  to  a  General 
I'ilcctric  official,  lies  in  the  use  of 
codcxl  antijarn  filters  which  reject 
interference. 

R.  I..  Shetlcr,  manager  of  the 
company’s  Missile  Guidance  Sec¬ 
tion,  Siiid  the  highlv-sclcctivc  filters 
of  a  space,  time  and  frequency  na¬ 
ture  make  enemy  jamming  c'xcecd- 
ingly  difficult  since  the  antijam 
devices  are  unique  for  each  ICBM. 

He  added  that  jamming  is  made 
even  more  difficult  because  radio 
signals  controlling  the  .\tlas  guid¬ 
ance  system  arc  onlv  transmitted 
during  the  first  few  minutes  of  the 
.\tlas’  flight,  while  the  missile  is 
over  friendly  territory. 

•  Sup|X)rt  equipment  for  ballistic 
missiles  and  interceptor  aircraft 
provides  bigger  business  than  do 
the  actual  weapms. 

“.\proximatel\  two-thirds  of  the 
monev  Ixing  spnt  on  the  IRBM 
and  ICBM  programs  will  be  spnt 
on  the  equipment  required  to  ban 
die,  transpirt.  test,  check-out  and 
repair  the  missiles. 

“In  air  defense,  an  ever  increas¬ 
ing  propirtion  of  the  monev  is 
going  into  radar,  communications 
and  control  svstems  as  opposed  to 
the  actual  interceptor  weapons.” 
Gen.  Iliomas  D.  W'hite,  Chief  of 
Staff.  US.M’,  told  the  .American 
Ordnance  .Association  in  St.  Louis 
recentlv. 


Construction  of  two  ICBM  sites 
— one  in  the  Offutt  .AI’B.  Omaha, 
area  and  one  near  Fairchild  AI’B, 
W’ashington — is  scheduled  to  1k- 
gin  before  Oct. 

T'lie  cost  of  each  is  estimated  at 
S2s  million. 

Technical  design  of  the  missile 
facilities  will  be  under  control  of 
the  .AF  B.illistic  Missile  Division. 
Inglewood.  Calif.  Other  aspects  of 
the  design  and  all  construction  will 
be-  accomplished  through  the  .\rmy 
Corps  of  F.ngincers. 

•  -ARIXl's  Ihfinder  crash  lo¬ 

cator  iK-acon.  equip]X-d  with  para¬ 
chute.  automaticallv  ejects  itself 
from  a  doomed  plane  Ix-fore  crash, 
sets  itself  up  for  op-ration  on  land  ' 
or  sea.  transmits  S(  )S  and  homing 
signals  on  vhf  and  h-f  transmitters, 
and  flashes  a  strolroscopic  light  sh 
times  a  min  that  is  visible  for  2s 
mi.  PrrKhiced  b\  Hvcon  Mamifac 
uring.  the  instrument  package  meas¬ 
ures  ^  ft  b\  8  in.  and  weighs  s6 
lbs.  I'he  telescopd  antenna  sluKits 
up  12*  ft.  A  rubber  raft  inflates 
for  landing  in  water  and  three  heav  v 
metal  legs  extend  for  ground  opra- 
tion.  1 

•  SINS  (Ship’s  Inertial  Naviga¬ 
tion  Svstem)  for  the  first  two  i 
Polaris  submarines  will  lx  designed 
and  built  bv  Autonetics  div.  of 
North  American.  Sprrv.  which 
has  respinsibilitv  for  its  SINS  for  | 
the  VSS  Compass  Island  and  H.SS  ! 
Observation  Island,  will,  accordine 

to  a  high-ranking  NavT  spokesman, 
furnish  several  sizable  items  in  the 
.Autonetics  svstem. 


lievc  the  method  should  be  appli¬ 
cable  to  a  variety  of  compmds 
that  arc  thermally  unstable  at  their 
melting  pints. 

In  tlie  technique,  a  heat  source 
such  as  an  r-f  induction  coil  is 
moved  relative  to  a  vertically  sup- 
ported  rod.  melting  a  liquid  zone 
as  it  moves.  Surface  tension  sup 
prts  the  liquid  zone.  Usually,  says 
Bell,  a  single  crystal  can  lx  grown 
and  purification  achieved  during 


this  zone  refining  prexess. 

Complicating  factor  in  inter- 
metallic  crystal  growing  and  puri¬ 
fication  is  that  composition  of  the 
liquid  phase  at  the  melting  point 
is  strongly  depndent  on  the  par¬ 
tial  pressure  of  arsenic.  In  the  zone- 
refining  prrxess.  this  is  controlled 
by  a  scaled  system  containing  ex¬ 
cess  arsenic  and  bv  regulating  its 
minimum  tcmpraturc. 

Fxprimental  crystals  arc  com- 
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Tonotron  picture  of  tKe  Z^os  A.ng;eles  Yackt  Harbor 


The  Hughes  TbNOTRON  tube  presents  a  complete  spectrum  of  grey  shades.  Result:  high-fidelity  picture  reproduction.  The 
illustration  above,  for  example,  is  an  unretouched  photo  of  a  typical  radar  display  as  viewed  on  the  face  of  a  TONOTRON 
E.I.A.  Type  7033  Tube. 

Additional  outstanding  characteristics  of  the  TONOTRON  tube  are  high  brightness  (in  excess  of  1500  foot  lamberts  with 
full  half  tone  range)  and  controllable  persistence.  The  family  of  TONOTRON  tubes  is  ideally  suited  for  ground  mapping, 
weather  radar  displays,  slow-scan  TV,  “B"  scan  radar,  oscillography,  armament  control  radar,  optical  projection  systems, 
and  miniature  radar  indicators. 

Other  Hughes  cathode-ray  storage  tubes*.  The  MEMOTRON®  tube  displays  successive  transient  writings  until  intention¬ 
ally  erased.  The  TYPOTRON®  tube,  an  exceptionally  high-speed  character  writing  tube,  displays  any  combination  of  63 
letters  or  symbols  until  intentionally  erased. 

For  complete  technical  data  please  write  Hughes  Products,  Electron 
Tube  Division,  International  Airport  Station.  Los  Angeles  45, California 

I - 

Creating  a  new  world  '  with  ELECTRONICS 

HUGHES  PRODUCTS 


*Trail«marli  of  Hugties  Aircraft  Company 
*  Ratiaterad  Tradamark 


O  losa.  HUOHKO  AincwArr  com 
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FINANCIAL  ROUNDUP 


•  Reduction  in  interest  rate 
charged  by  commercial  banks  to 
prime  borrowers  from  4  to  per¬ 
cent  in  last  fortnight  is  of  more 
than  passing  interest  to  electronics 
industry.  Rate  reduction  should 
speed  up  tempo  of  banks'  buying 
of  electronic  equipment  (Ki.nc- 
I ROMCS,  May  2,  p  1  s).  Savings 
in  operating  costs  possible  through 
electronic  automation  will  be  more 
attractive  than  e\er  with  future- 
gross  resenuc  headed  for  a  drop 
under  impiict  of  lower  interest 
rates.  Actually  only  an  exclusive  cir¬ 
cle  of  top  credit  risks  quality  to  bor¬ 
row  money  at  prime  bank  interest 
rates.  But  the  interest  rates  charged 
to  other  customers  usually  drop 
with  the  prime  rate. 

•  I  cclinitrol  Knginecring,  of 
Philadelphia,  and  L  &■  ()  Research 
and  Development,  W'asnc,  Pa., 
plan  to  merge  sometime  this  year. 
I'cchnitrol  and  L  &'  ()  will  ex¬ 
change  common  shares.  Further 
financial  details  were  not  disclosed. 
A.  1'.  Carey,  L  &•  ()  president,  has 
become  vice-president  of  Techiii- 
trol,  the  acxpiiring  company  which 
makes  data  processing  equipment 
and  conqxments.  Phe  to-bc- 
acqutred  firm  is  in  the  data  record¬ 
ing  and  facsimile  fields. 

•  Aiii|K'x  C^orp.,  RedwrxKl  City, 
Calif.,  plans  to  split  common  stock 
2i  to  1.  Split,  \otcd  by  board  of 
directors,  is  subject  to  approsal  by 


shareholders  in  August.  Stock  was  j 
recently  quoted  at  574  bid  over-  | 
thc-counter.  I'herc  arc  754,265  I 
shares  outstanding.  Redwood  firm 
manufactures  magnetic  ta|X'  re¬ 
cording  equipment.  It  owns  a  25 
percent  interest  in  Orradio  Indus¬ 
tries  of  Ojx-lika.  .Ma.,  magnetic 
tape  manufacturer. 

•  itek  Cxrr]).,  of  Boston,  and 
N'ectron  Cxrrp.,  Waltham,  Mass., 
will  submit  merger  plans  for  stock¬ 
holder  approval  in  next  two  weeks. 
Merged  firms  will  operate  under 
name  of  Itek  Corp.  and  plan, 
within  a  yc-ar.  to  consolidate  all 
activities  in  Vectron’s  W'altham 
plant.  Itek  dies  engineering  re 
search  in  graphic  information  proc 
cssing.  It  recently  acquired  facili¬ 
ties  and  staff  of  Boston  llnivcrsitv’s 
Physical  Research  I,abs.  V^cctron 
manufactures  electromechanical  and 
electronic  equipment. 

•  I  r  &■  'I'  plans  to  issue  S28.7 
million  of  25  vear  convertible  sub¬ 
ordinated  debentures.  'I’erins  of 
proposed  financing  call  for  stock¬ 
holders  to  Ixr  offered  right  to  sub- 
scrilx-  to  deixntures  at  rate  of  SI 00 
princi|)al  amount  for  each  25  shares 
of  capital  stock.  Interest  rate,  com¬ 
mon  stock  conversion  prices  and 
subscription  price  will  lx-  deter¬ 
mined  shortly  Ix-forc  the  offering 
IS  made.  Kulin,  laxb  &•  Co.  of 
New  York  City  will  head  the  nn- 
derwritnig  group. 


parable  in  size  to  germanium  or 
silicon  crystals.  Right  now,  purity 
Icsel  is  somewhat  bclow'  that  of 
silicon,  at  about  one  part  of  im¬ 
purity  per  million. 

Technique  should  be  most  u.sc- 
ful  with  binary  compounds  in 
which  only  one  component  element 
has  a  considerable  vapor  pressure 
at  its  melting  point,  scientists  be¬ 
lieve.  They  add  that  the  compound 
must  ha\c  a  high  enough  electrical 
conductivity  to  permit  heating  bv 
r-f  induction.  Furthermore,  sur¬ 
face  tension  and  density  of  tlic 
molten  material  must  be  able  to 
support  a  molten  zone  during  the 
refining  process. 


Sound  Cleans 
Surgical  Tools 


Dried  bi.ood,  bits  of  tissue  and 
other  soils  on  surgical  instruments 
are  removed  by  cavitation  cau,scd 
bv  ultrasonic  sound  waves  (upper 
photo)  generated  in  a  new  medical 
washing  machine  (lower  photo) 
manufactured  by  Acoustica  Associ¬ 
ates.  Inc.,  of  Mineola,  N.  Y. 

Ibe  washer  will  clean  75  instru¬ 
ments  in  only  1 5  min.  By  hand 
scrubbing,  45  min  arc  necessary  to 
clean  the  same  number. 

Ibe  25-kc  magnetostriction-gen¬ 
erated  ultrasonic  signal  unit  differs 
from  other  ultrasonic  units  in  that 
the  output  is  pulsed;  peak  power  is 
over  1,000  watts  while  average 
pow'er  is  400  watts. 


Aircraft  A-Power 
Program  Widens 

AFC  EXPECTS  to  make  first  tests 
late  this  year  of  nuclear  reactor  sys¬ 
tems  being  dcvcio|xd  for  rocket 
propulsion.  I'light  tests  of  atom- 
powered  rrxkcts  would  come  after 
1960. 

Buildings  to  house  the  instru¬ 
ments  associated  with  the  field 
testing  are  now  Ixing  constructed 
in  atomic  weapons  test  areas. 

Unofficial  sources  predict  the 
project  will  culminate  in  missiles 
able  to  circle  the  earth  constantly. 


except  for  niaiiitenance  landings. 
Tlic  same  sources  say  electronic 
guidance  for  such  a  wea|X)us  sys¬ 
tem  is  feasible. 

riic  rrxket  program  is  part  of 
the  AFC’s  aircraft  reactor  propul¬ 
sion  program,  which  cost  AFC  $87 
million  in  research  and  develop¬ 
ment  in  fiscal  1957. 

National  Advisory  Committee 
for  Aeronautics  is  buikling  a  reactor 
for  its  study  of  nuclear  aircraft 
problems.  Rated  at  60,000  kilo¬ 
watts,  it  will  be  one  of  the  most 
powerful  research  reactors  ever 
built. 

The  $250,000  control  contract 
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PROVIDE  THE  STABILITY 
Y^U  WANT  UNDER  THE 
TDDOHEST^LOAD  AND 
.  HUMIDITY  /CONDITIONS. 


SPRAGUE  4041 


SPRAGUi  COMPONENTS:  RESISTORS  CAPACITORS  MAGNETIC  COMPONENTSH^^ TRANSISTORS 

INTERHRENCE  nLTERS||p^|  PULSE  NETWORKS  TEMPERATURE  MAGNET  WIRE^Jf^RINTED  CIRCUITS 
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WRITE  FOK  BUUtTIN  NO.  7019 
SPRAGUE  ELECTRIC  COMPANY 
35  MARSHALL  STREET 
NORTH  ADAMS,  MASSACHUSETTS 


CERAMIC  JACKHED 
FOR  POSITIVE  • 
MOISTURE  PROTEaiON 


MADE  TO  MEET 


ALL  MIL-R-10509B 
REQUIREMENTS 


Gnat  Gyros  for  Small  Missiles 

Tinv  gvros,  used  in  guidance  of  Aniiv  Hawk  and  NasT  Sparrow  III  missiles  arc  in 
mass  prrxlnction  at  Raytlicon.  1‘ach  gyro  gets  100  assembly  and  test  mrerations 


has  been  awarded  to  Leeds  & 
Xorthrup.  Among  the  instruments 
NACA  will  get  are  a  thermal  com¬ 
puter  to  measure  the  reactor’s  heat 
output  and  a  power  limiting  sys¬ 
tem  made  with  both  transistors  and 
magnetic  amplifiers. 

Phototube  Control 
Sets  Printed  Page 

Hiding  out  in  a  print  shop  during 
\\'orkl  W'ar  II,  two  members  of 
the  French  underground,  with 
plenty'  of  time  to  watch  and  ob- 
sciAC  printers  and  typesetters,  came 
to  the  conclusion  that  something 
should  be  done  about  applying 
modern  technology  to  the  print 
shop. 

.\nd  they  set  to  work  to  iijxlatq 
Gutenberg. 

These  men,  Louis  Moyroud  and 
Rene  Iligonnct,  cycntually  came 
to  -America  and  contacted  »’anneyar 
Bush.  lie  sent  them  to  MIT. 
From  that  ]X)int,  they  began  to 
perfect  an  automatic  typesetting 
machine. 

•A  matrix  disk  contains  the  type 
fonts,  k’lcctronic  gates  fire  the 
matrix  for  rough  positioning,  and 
a  thyratron  trigger  from  a  photo¬ 
tube  controls  the  type  image. 


which  is  recorded  on  film.  'Hie 
automatic  typesetter  sells  for  SsO,- 
000  and  may  cut  composing-room 
costs  m  half. 

Shown  in  New  A'ork,  this  auto¬ 
matic  typesetter  and  composer  is 
manufactured  by  Photon,  Inc.,  of 
Cambridge,  Mass.  The  company 


already  has  a  backlog  of  orders. 
The  typist  can  set  16  fonts  m 
twebc  point  sizes.  Computers  take- 
care  of  complicated  area  composi¬ 
tion,  type  justification  and  the  cast 
nnmbcrs  of  hand  operations  for¬ 
merly  required  to  prepare  type  for 
the  printed  page. 


MEETINGS  AHEAD 


May  IZ-H:  Instrumental  Methods  of 
.Analysis,  IS.A  .Annual  SvmpKisinm, 
Shamrock-Hilton  Hotel,  Houston, 
Tc.xas. 

May  12-H:  National  Aero  &  Nav.  Klee. 
Conf.,  PC.ANK,  Biltmore  Hotel, 
I')avton,  Ohio. 

Alay  12-15:  Eighth  Annual  Research 
Equip.  Exhibit  and  Instrumentation 
Symposium,  PCME-IRE  National 
Institute  of  Health,  Bethesda.  .Aid. 

May  13-15:  Comumnit'.itions  Section 
of  the  .Assoc,  of  .American  Rail¬ 
roads.  3-fth  .Annual  Meeting,  Hotel 
.AInchleback,  Kansas  Cits,  Missouri. 

May  13-15:  Radio  rech.  Comm,  for 
.Marine  Services.  Spring  .Assy,  Ben 
Franklin  Hotel,  Philadelphia. 

Mas  13-15:  East  Central  Pistrict 
.AIccting.  .AIEE,  Pritchard  Hotel, 
Huntington,  W  est  A'irginia. 

Mas  19-21:  Electronic  Parts  Distribu¬ 


tors  Show,  Conrad  Hilton  Hotel, 
Chicago. 

May  19-23:  International  Convention 
on  .Microwave  A’alves,  Institute  of 
Electrical  F.ngineers,  contact  secre¬ 
tary,  Savoy  Place,  Dmdon. 

May  21-23:  Energy  Instrumentation 
Conf..  Automatic  Controls  .Applieil 
to  Gas,  Electric  and  Steam  Systems, 
IS  A,  New  York  City. 

-May  27-28:  Second  EI.A  Conf  on 
Maintainability  of  F.lectronic  Equip., 
Univ.  of  Penn.,  Phila. 

lime  2-4:  National  Telemetering  Con¬ 
ference,  .AIE.E,  ISA.  ARS,  Lord  Bal¬ 
timore  Hotel,  Baltimore,  Md. 

June  2-4:  Automation  and  Computers, 
Short  Course  and  Conf.,  Univ.  of 
Texas.  College  of  Engineering,  .Aus¬ 
tin,  Texas. 

June  4-6:  .Armed  Forces  Communica¬ 
tions  and  Electronic  .Assoc.,  Exhibit, 


Hotel  .Sheraton  Park,  Washington, 
D.  C 

June  5-6:  Second  Natl.  Conf  on  Pro¬ 
duction  Techniques.  IRE,  PC'.PT', 
Hotel  New  A’orkei,  N.A’.C. 

June  9-13:  Technical  Writers  Institute, 
Sixth  .Annual  Syiivposiiim.  Rensselaer 
Polytechnie  Institute,  T  roy,  N. 

June  9-13:  .Automation  Seminar,  Fourth 
.Annual,  Penn.  State  Univ..  Penn. 

June  10-13:  Sixth  Annual  .Meeting,  Ilii- 
inan  F.iigineering  Institute.  Stamford, 
Conn.  Contact  Roland  C.  Casper- 
son . 

June  16-18:  Electrical  Contact  Seminar 
Div.,  Penn  State  Univ.,  Penn. 

June  16-18:  Military  Electronics  Sec¬ 
ond  National  Convention,  Sheraton 
Park  Hotel,  W'ashington,  D.  C. 

June  17-27:  T  wo-week  Special  Sum¬ 
mer  Program  in  Switching  Cireiiits, 
MIT',  Cambridge,  Mass. 
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Now,  Tung-Sol  offers  designers  a  complete  line 
of  high  reliability  Germanium  PNP  Transistors! 


Tung-Sol  types  and 
ratings  are  listed  below 
with  the  types  they  replace. 
From  these,  spot  your 
needs!  Then,  for  long-life 
operation,  specify 
Tung-Sol ! 


TVM  AmiCATION  MAXIMUM  RATINGS  (2S*  Q  TTRICAL  VALUIS  (25*  O  SIMILAR  TYRf  RIFfRINCI 


MIDIUM  FOWII  AUDIO  TYFIS  (T*-T  Outlin*) 

Rc 

Vce 

Vcb 

Ic 

Ti 

MAX  Icbo 

Hfe 

fob 

Ge 

OIW 

voitt 

voitt 

mo 

•c 

MO 

me 

db 

3N381 

Oulpul  Amplifier 

200 

25 

25 

200 

85 

20 

36 

1.2 

31 

2N61,  2N186  'A,  2N187/A,  2N266 

2N3I2 

Output  Amplifier 

200 

25 

25 

200 

85 

20 

54 

15 

33 

2N60.  2N180.  2N181,  2N185, 

2NI88^A.  2N226.  2N311.  2N403, 
2N408 

2N383 

Output  AfopliApf 

200 

25 

25 

200 

85 

20 

72 

1.8 

35 

2N59,  2N224,  2N241/A,  2N265, 

2N270 

2N460 

General  Rurpoie  Induttrial 

200 

— 

45 

400 

100 

15 

25 

15 

39 

2N44 

2N461 

General  Rurppie  Induttrial 

200 

— 

45 

400 

100 

15 

50 

1.5 

41 

2N43 

1 

HICK  FRIOUENCY  TYFfl  (T*-9  Outlln*) 

,  1 

2N404 

Computer 

100 

24 

30 

400 

85 

5 

30 

12 

_ 

2N581 

2N425 

Computer 

100 

20 

30 

400 

85 

5 

30 

4 

— 

2N394.  2N578 

2N426 

Computer 

100 

18 

25 

400 

85 

5 

40 

6 

— 

2N269.  2N395,  2N579 

2M27 

Computer  | 

1  100 

15 

20 

400 

85 

5 

55 

11 

— 

2N123,  2N315.  2N396.  2N580 

2W428 

Computer 

'  100 

12 

15 

400 

85 

5 

80 

17 

— 

2N316.  2N397,  2N582 

2N413 

RF  Amplifier 

100 

15 

— 

200 

85 

5 

— 

3 

— 

2N111,  2N135.  2N410 

2N414 

tF  Ampliftor 

100 

15 

_ 

200 

85 

5 

— 

5 

_ 

2NI39,  2N112.  2N136,  2N21S, 

2N412 

2N416 

RF  Amplifier 

100 

15 

— 

200 

85 

5 

— 

10 

— 

2NI13 

2N417 

RF  Amplifier 

100 

15 

— 

200 

85 

5 

— 

20 

— 

2N114 

NICK  POWER  TYRES  |T*-3  Outlln*) 

1 

Fc 

Vce 

Vcb 

Ic 

Ti 

MAX  Icbo 

Hfe 

fob 

Ge 

w 

voitt 

voitt 

Ampt 

•c 

ma 

me 

db 

2N242 

Audio  Amplifier 

15 

45 

__ 

2 

85 

1.0 

50 

04 

34 

2N155,  2N176,  2N250.  2N257. 

2N301/A,  2N350,  2N351,  2N554, 
2N555 

211378 

^Owtr  Switch 

15 

20 

40 

3 

85 

05 

35 

03 

24 

2N255 

2N370 

Rower  Switch 

15 

40 

80 

3 

85 

0.5 

30 

03 

23 

2NI58/A.  2N251,  2N  296.  2N297 

2N380 

Powor  Switch 

15 

30 

60 

3 

85 

0.5 

60 

0.4 

29 

2N156.  2N256,  2N387 

2M459 

Rower  Switch 

15 

60 

105 

3 

85 

05 

40 

03 

24 

2N375 

NOTC:  SimWof  Of«  ftm%  pf  prtnfiisf  and  ihpvid  b«  »fitfpfpfpd  os  oppfOMimofp 

Jhit  rpfpfpftcp  deoi  #»o^  oocoifonff  tmply  ococf  •foctncof  or  mocboAicol  i/ffofchooftobilitjr. 


To  fill  your  special  transistor  requirements  or  for  full 
facts  on  any  of  these  standard  Tung-Sol  types,  write  or 
phone :  Semiconductor  Division,  Tung-Sol  Electric  Inc., 
Newark  i.  New  Jersey.  Sales  Offices:  Atlanta,  Ga.,  Co¬ 
lumbus,  Ohio,  Culver  City,  Calif.,  Dallas,  Tex.,  Denver, 
Colo.,  Detroit,  Mich.,  Irvington,  N.  J.,  Melrose  Park,  III., 
Newark,  N.  J.,  Seattle,  Wash _ Canada:  Toronto,  Ont. 


^TUNG-SOL 
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Sola  Electric  Co.,  4633  W.  16th  St..  Chicago  SO.  III..  Bishop  2-1414  •  Offices  In  Principal  cities  •  In  Canada.  Sola  Electric  rCanada)  Ltd.,  24  Canmotor  Ave.,  Toronto  14,  Ont. 
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Write  for  Bulletin  7C-DC-235 


COMPACT,  regulated  DC  power  supply 


Stock  Sola  Constant  Voltage  Power  Supplies  are  assembled 
on  a  chassis  for  standard  relay  rack  mounting  .  .  .  fin¬ 
ished  in^  cadmium  plate  with  a  protective  iridite  coating. 


has  an  output  impedance  which  is  very  low. 

How’s  it  done?  Well,  the  answer  is  a 
unique  combination  of  three  components, 
A  special  Sola  Constant  Voltage  Trans¬ 
former  is  teamed  up  with  a  semiconductor 
rectifier  and  a  high-capacitance  filter.  The 
Sola  transformer’s  electrical  characteristics 
maximize  most  of  the  advantages  of  the 
rectifier  and  filter,  while  virtually  eliminat¬ 
ing  all  their  disadvsmtages.  The  resultant 
regulated  dc  power  supply  is  simple,  highly 
reliable,  compact  and  moderately  priced. 


Looking  for  a  source  of  regulated  dc  power 
that  fits  into  a  little  space?  If  so,  then  you’ll 
find  the  Sola  Constant  Voltage  DC  Power 
Supply  is  just  what  you  want. 

You’ll  also  like  to  know  that  this  space- 
saver  is  a  top  performer  too.  It’s  ideal  for 
intermittent,  variable  or  pulse  loads.  It 
delivers  current  in  the  “ampere  range”, 
regulates  within  ±1%  with  up  to  10%  line 
voltage  variation,  has  less  than  1%  rms 
ripple,  and  even  tolerates  dead  shorts. 
This  dc  power  supply  is  80%  efficient  and 


AdjuitobU  output  — 
six  rolingt  from  stock 


Custom  •  dosignod  units 
produced  to  your  ipocs 


Fixod  output  —  six  rot- 
ings  ovoilobla  from  stock 


V  .  i 


OONTON 

BiADIO 


"Bobnfoh,  New  Jersey 


^  SAVES  VALUABLE  INSPECTION  TIME 

Gives  you  instantaneous  readout 

^  EXTREMELY  SIMPLE  TO  USE 

!So  operator  training  required 

^  NO  TUNING  OR  ADJUSTMENT  NECESSARY 

Gives  simultaneous  indication  of  both  Q  and  L-C 

^  ELIMINATES  OPERATOR  MEASUREMENT  ERROR 

Single  readout  on  large  CRT  screen 

Write  for  complete  information 
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HOtu 


INSTANT, 


9  V  f  PRODUCTION  TESTING 

of  Coils,  Capacitors,  and  Resistors  I 


SPECIFICATIONS 


OSCILLATOR  fREOUENCV  RANGE:  300  Kc.  lo  70  Me. 
in  1 1  rongat,  using  6  plug*in  inductors. 

INDICATING  SYSTEM:  Largo  5"  colhedo  ray  lubo, 
calibralod  in  %  O  on  tho  vortical  aiis  and  % 
L-C  on  tho  horiiontol  oiis. 

TOURANCE  LIMITS:  ±3S%  O,  colibrotod  in  incro- 
monls  of  5%;  ^5%  ond  ^30%  L-C,  colibrotod 
in  incromonts  of  ^  I  %  and  ^  S  %  rospoctivoly. 

O  RANGE:  SO  to  500 

INDUCTANCE  RANGE:  I  Microhonry  to  10  Milli- 
honrios. 

CARACITANCE  RANGE:  3  MMF.  to  1000  MMF. 

RESISTANCE  RANGE:  1000  to  500,000  Ohms. 

ROWN  SUmVi  105-135  Voitt,  SO-AO  Cyclos. 

RRICE:  $750.00  F.O.I.  Roonton,  N.  J. 


1 


TWO  channels  for  ONE 


with  NORTHERN  RADIO... 


„  liui.  ».«"■  ■■ 


•  provide  2  channels  of  FS 
communication  with  existing 
single  channel  transmitter  . 
and  receiving  facilities — 
with  performance  compar¬ 
able  to  the  existing  single  ^ 
channel  system 


Thie  Twinplex  communication  system  mokes  possible  o 
2-channel  radio  circuit  whereby  2  non-synchronous  or  syn¬ 
chronous  telegraph  transmissions  modulate  a  single  radio 
carrier  wave  by  causing  the  carrier  to  assume  one  of  four 
specific  frequencies  with  400  cps  separations. 


such  os  the  Northern  Radio  Type  110  Dual  Diversity  Re¬ 
ceiving  System.  The  Converter  demodulates  and  separates 
the  four  audio  tones  from  the  rodio  receiver(s)  into  two 
channels  each  carrying  the  origirMilly  transmitted  intelli¬ 
gence.  The  Twinplex  Converter  reploces  the  standard  FS 
Converter  for  this  purpose. 


The  transmitting  equipment  consists  of  the  Twinplex  Com¬ 
biner  Type  177  Model  1  and  on  RF  Frequency  Shift  Keyer 
such  as  the  Northern  Radio  Type  105  Model  4.  The  Com¬ 
biner  converts  the  four  possible  conditions  of  two  tele¬ 
graph  signals  (Ml -M2,  M1-S2,  SI -M2,  S1-S2)  respectively 
into  orte  of  four  voltages  related  in  o  0-1 -2-3  manner. 
The  Combiner  output  voltage  modulates  the  FS  Keyer. 


The  receiving  equipment  consists  of  the  Twinplex  Con¬ 
verter  Type  178  AAodel  1  and  a  single  or  diversity  receiver 


The  two  telegraph  channels  provide  the  same  operational 
flexibility  os  that  of  two  separate  single  channel  FS  sys¬ 
tems.  One  can,  for  exomple,  simultaneously  use  channel 
f(l1  on  60  wpm  teletype  and  channel  ^2  on  high-speed 
Morse  or  Time  Division  Multiplex.  It  further  permits  the 
reception  of  channel  #1  signals  on  all  standard  FS  con¬ 
verters  (tufKible  to  400  cps  shift)  without  need  for  a  Twin¬ 
plex  Converter:  this  is  valuable  for  “Forked  Circuit  Op¬ 
eration"  where  the  intelligence  of  channel  is  intended 
for  pick-up  by  other  receivir«g  stations  which  ore  not 
equipped  for  Twinplex  Reception  in  addition  to  the  main 
receiving  stations  which  ore  so  equipped.  Reception  of 
channel  (or  of  both  channels)  requires  the  receiving 
end  to  be  equipped  with  o  Twinplex  Converter. 


Write 

^  for  -■ 

j  complete  ' 
^  information. 


Frequency  Shift  Keyen 
Master  Oscillators 
Diversity  Receivers 
Frequency  Shift 
Converters 


Multi-Channel  Tone 

Systems 

Tone  Keyers 

Demodulotors 

Monitors 


Radio  Multiplei 
Systems 
Tone  Filters 
line  Amplifiers 
Twinplex  Equipment 


Emrsmm  Tbimv  €dMPj\m,  ■» 
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FASTER  HEAT  RECOVERY  and  lower 
maintenance  of  G-E  soldering  irons 
have  been  proved  by  many  manufac¬ 
turers  under  their  own  production  con¬ 
ditions  -along  with  competitive  solder¬ 
ing  irons.  If  you  would  like  to  compare 
General  Electric  irons  with  the  irons  you 
are  now  using,  call  your  G-E  distributor. 


DELIVERY  TODAY  is  now  possible  on  pop¬ 
ular  soldering  irons  and  other  General 
Electric  heaters  and  devices  from  a  local 
distributor  near  your  plant.  Your  replace¬ 
ment  inventory  may  be  reduced.  For  the 
name  of  your  nearest  stocking  distributor 
for  G-E  heaters  and  devices,  call  your 
General  Electric  Apparatus  Sales  Office. 


SAVINGS  ACHIEVED  by  several  users 
and  information  about  the  construction 
features  of  General  Electric  soldering 
irons  are  included  in  a  new  bulletin, 
"Save  While  You  Solder,”  GED-3553. 
For  a  copy,  call  your  G-E  distributor 
or  write  Section  724-3,  General  Electric 
Company,  Schenectady  5,  New  York. 


"BEST  IRON  WE’VE  HAD  in  the  plant,”  says  William  Fish,  a  pro¬ 
duction  supervisor  of  General  Radio,  Cambridge,  Mass.  This 
company  has  switched  to  G-E  Midget  irons  for  soldering  both 


delicate  and  heavy  joints  in  their  Type  1862-B  Megohmmeters 
— jobs  which  formerly  required  both  a  heavy  and  a  light  iron. 
G-E  Midget  iron’s  light  weight  also  helps  reduce  fatigue. 


50  G-E  Midget  irons  do  work  of  100  former  irons 
at  General  Radio  Co.,  boost  production  25% 


GENERAL 


ELECTRIC 
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Direct,  automatic 
power  readings 


CW  or  pulsed  power 

Wide  frequency  range 

No  calculations 

Assured  accuracy 

Operates  with  wide 
variety  of  bolometers 

-hp-  430C 

Microwave  Power  Meter 


SPECIFICATIONS 

Power  Range:  9  ranges,  front  panel  selector.  Full  scale  readings  of 
.1,  .3,  1,  3  and  10  mw.  Also  continuous  readings  from  — 20  to  +10 
dbm.  (0  dbm  =  .001  watt).  Power  range  may  be  extended  with 
attenuators  or  directional  couplers  in  microwave  system. 

External  Bolometer:  Frequency  range  depends  on  bolometer  mount. 
Bolometers  can  operate  at  resistance  levels  of  100  or  200  ohms 
and  can  have  positive  or  negative  temperature  coefficients.  Any  dc 
bias  current  up  to  16  ma  is  available  for  biasing  positive  or  nega¬ 
tive  temperature  coefficient  bolometers.  Dc  bias  current  is  con¬ 
tinuously  adjustable  and  independent  of  bolometer  resistance  and 
power  level  range. 

Suitable  bolometers  are: 

Instrument  fuses:  -Ap-  G-28A  and  G-28B  1/100  amp  fuse. 
Barretters:  Sperry  821,  Narda  N821B  or  N610B,  PRD  610A,  614, 
617  or  631C. 

Thermistors:  Western  Electric  D166382,  Victory  Engineering  Co. 
32A3,  32A5,  Narda  333,  334. 

Accarocy:  ±3%  of  full  scale  reading. 

Powtrt  115/230  V  ±10%,  50/1,000  ci»,  75  watts. 

OimoNsiaat:  Cabinet  Mount:  7%"  wide,  IIV2''  bi^,  14*  deep. 

Rack  Mount.  19"  wide,  7"  high,  12V^*  deep. 

WeigM:  Net  14  lbs.  Shipping  32  lbs.  (cabinet  mount). 

Price;  1250.00. 

Da/a  jubject  to  change  without  notice. 


Here  is  the  finest,  most  dependable  source  of  instan¬ 
taneous  microwave  power  readings  available  today. 
The  -hp-  430C  gives  you  power  readings  direct  in  db 
or  mw  and  completely  eliminates  tedious  computa¬ 
tions  or  troublesome  adjustment  during  operation. 
The  instrument  measures  either  pulsed  or  CW  power 
on  either  waveguide  or  coaxial  systems.  Operation  is 
entirely  automatic,  stability  is  extremely  high,  and  the 
meter  may  be  used  with  a  wide  variety  of  bolometer 
mounts  having  either  positive  or  negative  temperature 
coefficients.  The  broad  nominal  measuring  range  car. 
be  extended  to  higher  powers  by  means  of  directional 
couplers  and  attenuators. 

For  measurements  of  CW  or  pulsed  power,  -hp-  430C 
uses  either  an  instrument  fuse,  barretter  or  thermistor 
as  a  bolometer  element.  Operation  may  be  at  either 
100  or  200  ohms.  Power  is  read  direct  in  milliwatts 
from  0.02  to  10  mw,  or  in  dbm  from  — 20  to  10  dbm. 


ELECTRONIC  TEST  INSTRUMENTS  for 
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Use  these  precision  -hp-  instruments  with 
-Zip*  430C  for  greater  coverage,  convenience 


•ftp*  752  Multi-Hole  Couplers  For  measur¬ 
ing  average  power  1  watt  to  1  kw  (with  at¬ 
tenuator)  in  waveguide  systems.  Models  cov¬ 
er  all  freoucncies  2.6  to  40  KMC.  Coupling 
factors  of  3,  10  and  20  db  available  most 
bands.  Directivity  better  than  40  db  full 
range;  accuracy  within  rb.7  db  full  range. 
Primary  guide  SWR  less  than  1.10.  $375.00 
to  $75.00. 

-fcp-  764-767D  Duol  Directionol  Couplers  - 

For  wide  band  coax  reflectometer  and  power 
measurements.  Four  models  cover  frequen¬ 
cies  216  to  4000  MC.  20  db  attenuation, 
coupling  accuracy  0.5  db,  max.  primary 
SWR  1.1  to  1.25;  max.  secondary  SWR  1.2 
to  1.5.  Minimum  directivity  (216  to  940 
MC)  30  db;  26  db  at  higher  frequencies. 
50  watts  CW  capacity,  10  kw  peak.  Low 
insertion  loss.  $125.00  (any  frequency). 

-hp-  382 A  Precision  Attenuators-  For  meas¬ 
urements  up  to  5,  10  and  15  watts,  this  rev¬ 
olutionary  new  broad  band  instrument  may 
be  employed,  -hp-  382 A  attenuates  from  0 


to  50  db,  full  range,  independent  of  fre¬ 
quency.  Phase  shift  constant  with  attenua¬ 
tion.  Accuracy  within  ±2%  of  db  reading. 
Models  cover  frequencies  3.95  to  40.0  KMC, 
maximum  dissipation  5  to  15  watts.  SWR 
less  than  1.15.  $500.00  to  $250.00. 

-fcp-  370  Waveguide  Attenuators  —  Wave¬ 
guide  sections  providing  fixed  amounts  of 
attenuation.  Used  to  extend  jiower  range  of 
-hp-  430C.  Models  for  frequencies  2.6  to 
18.0  KMC,  power  dissipation  1.0  watts  (1 
kw  peak),  SWR  1.15;  3,  6,  10  or  20  db 
attenuation.  $75.00  to  $55.00. 

•fcp-  487B  Thermistor  Mounts — Simplify  set¬ 
ups,  save  time  and  insure  maximum  accuracy 
in  waveguide  power  measurements.  Models 
cover  frequencies  3.95  to  26.5  KMC  with 
full  range  SWR  of  less  than  1.5  (except 
K487B,  2.5).  Permanently  installed  nega¬ 
tive  temperature  coefficient  thermistors.  No 
tuning,  large  overload  factor  makes  burnout 
virtually  impossible.  $95.00  to  $75.00. 


-fcp-  477B  Coaxial  Mount  —  Thermistor 
nraunt  providing  full  frequency  coverage  10 
MC  to  10  KMC  with  SWR  less  than  1.5. 
Requires  no  tuning,  uses  long  time  constant 
elements  for  accuracy  even  on  low  duty  cycle 
pulses.  For  use  with  430C  or  other  bolome¬ 
ter  bridges  providing  negative  temperature 
coefficient  operation  at  200  ohms.  Requires 
13  ma  bias.  Power  range  0.02  to  10  mw. 
Uses  Type  N  rf  connector.  $75.00. 

-fcp-  485  Detector  Mounts  —  Single  tuning 
control  accurately  matches  waveguide  section 
to  bolometer  element;  instrument  also  de¬ 
tects  rf  energy  with  crystal  substituted  for 


bolometer  element.  Models  for  frequencies 
2.6  to  18.0  KMC,  SWR  1.25  to  1.5.  All 
models  employ  crystal  or  barretter  except 
P485  (thermistor  only)  and  S485  (crystal 
only).  $125.00  to  $75.00. 

-fcp-  476 A  Bolometer  Mount — Universal  bo¬ 
lometer  mount  requiring  no  tuning,  no  ad¬ 
justment.  Frequencies  10  to  1,000  MQ  in¬ 
stantaneous,  automatic  power  readings  0.02 
to  10  mw.  SWR  less  than  1.15,  20  to  500 
MC;  less  than  1.25,  10  to  1,000  MC.  Uses 
four  1  /lOO  amp  fuses.  Uses  Type  N  rf  con¬ 
nectors.  $85.00. 


Prices  j.o.b.  factory.  Data  subject  to  change  without  notice. 


HEWLETT-PACKARD  COMPANY 

MSI  A  PAGE  MIU  ROAD  •  PALO  ALTO,  CALIFORNIA,  U.  S.  A. 
CabU  "HEWPACK"  •  DAvtnpert  S-44S1 
FfElO  REPRESENTATIVES  IN  ALL  PRINCIPAL  AREAS 


-bp-  382A  Precision  Attennotors 


-hp-  764/7D  Dual  Directional 
Cowplers 


COMPLETE  COVERAGE,  HIGHEST  QUALITY 

,  -'.r  ■ 
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MODEL  400 


Wider  Range,  All-Electronic 
Sweeping  Oscillator,  or 
(with  sweep  off)  Continuously 
Tuned  CW  Signal  Source 


1.0  V  rms  into  70  ohms 


•New  Wider  Range— 15-470  me  in  10  Bands 
•  Fundamental  Frequency— Stable  Narrow  Band 
Sweeps 


Direct  Reading  Frequency  Dial 

Highly  Accurate  Attenuators 

Sweep  Repetition  Rates  Down  to  10  cps 


SPECIFICATIONS 


The  new  Vari-Sweep  Model  400  is  o  highly  versatile  labo¬ 
ratory  sweeping  oscillator  and  signal  generator.  Its  wide 
range  of  continuous  frequency  coverage  from  15  to  470  me 
Is  combined  with  a  measure  of  accuracy  and  level  of  per¬ 
formance  previously  associated  with  limited,  fixed-frequency- 
band  oscillators  only. 

It  provides  frequency  sweeps  that  are  flat,  wide,  ond 
linear.  The  RF  output  voltage  is  high  enough  for  testing  lossy 
networks  without  using  additional  amplifiers.  Over  the  entire 
range,  the  RF  output  is  a  fundamental  frequency  held  constant 
by  a  fast-acting  AGC  circuit  to  assure  a  high  degree  of  fre¬ 
quency  stability  and  the  absence  of  spurious  beat  signals.  The 
variable  sweep  rate  goes  down  to  10  cps  for  checking  high-Q 
circuits. 

In  addition,  the  Vari-Sweep  Model  400  is  a  source  of  ac¬ 
curately  calibrated  CW  signal  with  the  same  high-level  output 
AGC  d  to  be  constant  over  the  frequency  band.  This  eliminates 
the  need  for  readjusting  output  voltage  when  changing  fre¬ 
quency,  and  permits  the  rapid  testing  of  diverse  frequency 
circuit  elements  under  CW  conditions. 


Frequency  Range  (CW  or  Sweeping  Operation):  Fundamental 
frequency,  15-470-mc,  cantinuausly  variable  in  10  switched, 
averlapping  bands  with  direct-reading  frequency  dial. 

Sweep  Width:  60%  af  center  frequency  to  SO  mc;  ot  least 
30  mc  max  from  50-400  mc;  approx.  20  mc  mox  above 
400  mc. 

Sweep  Rote:  Continuously  varioble,  10  to  40  cps;  locks  to  line 
frequency. 

RF  Output:  1.0  V  rms  (metered)  into  nom  70  ohms  (50  ohms 
on  request)  to  220  mc;  0.5  V  rms  to  470  mc.  Output  held 
constant  to  within  ±0  5  db  over  widest  sweep  and  fre¬ 
quency  ronge  by  AGC  circuit. 

Attenuators:  Switched  20,  20,  10,  6  and  3  db,  plus  continu¬ 
ously  variable  6  db. 

Sweep  Output:  Regular  sawtooth,  synchronized  with  sweeping 
oscillator.  Amplitude  7.0  V  approx. 

Power  Supply:  Input  approx.  100  wotts,  117-V  (±10%),  50-60 
cps  oc.  B  ^  electronically  regulated. 

Dimensions;  9’/e"  x  19Vj"  x  13". 

Weight:  34  lbs. 

Price;  $795.00,  f.o.b  factory. 


Single  Unit  Sweeping  Oscillator  in  10  Switched  Bands 
for  Sweeping  Radar  IP's  up  to  350  mc  Cejiter. 


»•«  SPECIFICATIONS 

Zer*  Reftrenct;  A  true  zero-base  line  is 
produced  on  oscilloscope  during  retrace 
time. 

Attenuators;  Switched  20.  20,  10,  6  and  3 
db  plus  continuously  variable  6  db. 

Markers;  Up  to  30  crystal-controlled  positive- 
pulse  markers  at  customer-specified  fre¬ 
quencies.  Accurate  to  ±:0.0S%.  Up  to  three 
markers  per  band  (more  at  lower  frequencies) 
are  available;  no  individual  switches  on 
markers. 

Marker  Amplitude;  Continuously  variable. 

Writ*  for  1958  Kay  Colalog 


Frequency  Range;  1-350  mc  center.  10 
switched  bands  with  fixed  center  frequen¬ 
cies  set  to  customer  specifications. 

Sweep  Width:  70%  of  center  frequency 
from  1  to  100  mc.  From  100  to  350  mc, 
60  to  70  mc. 

Sweep  Rate;  Variable  around  60  cps.  Locks 
to  line  frequency. 

RF  Output;  0.5  V  rms  into  nom  70  or  50 
ohms,  higher  for  lower  frequency  units. 
Output  held  constant  to  within  ±0.5  db 
over  widest  sweep  by  AGC  circuit. 


zero  to  10  V  approx. 

Sweep  Output;  Regular  sawtooth  synchro¬ 
nized  with  sweeping  oscillator. 

Rower  Supply:  Input  approx.  150  watts,  117 
V  (±10'!o)  50  60  cps.  ac.  B  i-  electronically 
regulated. 

Dimensions;  x  19”  rack  panel,  13 

deep.  Supplied  with  cabinet,-  suitable  for 
rack  mount. 

Weight;  34  lbs.  approx. 

Rrlce:  S795.00,  f.o.b.  factory.  Add  $15.00 
per  crystal  marker  ordered. 


CApital  6-4000 


Maple  Avenue,  Pine  Brook,  N.  J. 
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RUGGED  REUABIlirYdD 


the  LONGEST-LIVING  CAPACITORS  ever  mait 


imulotiv* 


Appro: 


,0000  »»-. 

. . 


imulotive  failoroJ  or 


El-M«nce  Dur-Mico 


Doboflgod" 


::ud'.oM. ....  o.  jojoo . 

ral«d  DC  voUoq.  oppl'.<* 


D.bug9»d  -  f  ' 

10. 

•d  .  .  .  compo...*- 


DM30,  10.000  MMf, 
pocilo^^  •  •  • 
Subi.<».^  ••  257,000 
,o..d  DC  »ol.o9.  op 


Cl-MENCO  0U»-I»sas  GIVE  LONGEST 

Hoc.r.oK .«FE  TO  ELECTRON!:  'uUIPIAENT 

El-Menco  Mica  Capacitors  can  be  debugged  to  eliminate  early  fail¬ 
ures,  thus  insuring  the  highest  dependability  and  an  assured  long  life. 

El-Menco  Dur-Micas  OUTPERFORM  ALL  OTHERS  under  accel¬ 
erated  conditions  of  times  rated  voltage  at  ambient  temperatures 
of  125*  centigrade  .  .  .  are  teat-proved  to  have  longer  life,  most  potent 
power,  smaller  size,  excellent  stability,  peak  performance. 

DM15,  DM20,  DM30  .  .  .  perfect  for  extreme  miniaturization;  ideal 
for  new  miniatured  designs  and  printed  wiring  circuits. 

Mew  “hairpin”  parallel  leads  insure  easy  applications  in  radios, 
TV,  guided  missiles,  and  other  printed  circuits.  El-Menco  Dur-Micas 
meet  all  humidity,  temperature,  and  electronic  requirements,  includ¬ 
ing  military  specs.  Write  for  FREE  sample  and  catalog  on  your 
Arm’s  letterhead. 

j(c  Removal  of  Early  Failurea  by  Subjecting  Mica  Capacitors  to  a  Short 
Life  Teat  at  Elevated  Voltage  and  Temi>erature. 


THE  ELEGRO  MOTIVE  MFC.  CO.,  INC 


Mantffactwr.rt  of  El-M.nco  Copocilert 

WILLIMANTIC  CONNECTICUT 

•  molded  mica  •  mica  trimmar  •  dipped  paper 

•  tubular  paper  •  ceramic  •  silvered  mica  films  •  ceramic  discs 
Area  Elsclrenici,  Inc.,  64  While  St.,  New  York  13.  N.  Y. 

Eeclv.ive  Svppliec  To  Jobber,  ond  Di.iributor.  in  the  U.S.  ond  Conodo 
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OiCital  indicator  (loft)  can  display  a  possible  16  characters  and  is  about  half 


the  size  of  the  Alpha-numerical  indicator  (right)  which  displays  64  characters. 


UNION  INDICATORS 
permit  direct  readout  of  binary  data 


Union  Digital  and  Alpha-numerical  indicators  are 
controlled  by  binary  code  signals  employing  a  minimum 
number  of  <x>ntrol  wires,  and  respond  to  simultaneous 
binary  switching  combinations. 

These  indicators  are  electro-mechanical,  D.C.-oper- 
ated,  readout  devices  for  displaying  characters  in  ac¬ 
cordance  with  a  predetermined  code.  The  character  dis¬ 
play  may  be  made  to  suit  user’s  requirements. 

Indicators  are  designed  for  plug-in  mounting  in  a  row 
so  that  data  or  messages  of  any  desired  length  can  be 
stored,  displayed  or  tsansmitted  at  will.  The  indicators 
can  be  applied  to  the  output  of  digital  computers,  tele¬ 
type  receiving  equipment  in  conjunction  with  a  buffer 
storage  unit,  telemetering  systems,  or  wherever  data 
needs  to  be  displayed. 

Two  important  features  of  these  indicators  are  their 
inherent  storage  and  transmitting  characteristics  which 
provide  for  data  entry  and  retransmission.  The  indi¬ 
cators  can  be  used  to  accept  data  from  a  source,  free  the 


source  for  other  programs,  and  disseminate  the  data  from 
one  indicator  to  another  as  required.  For  each  binary  bit 
stored,  an  external  relay  can  be  eliminated. 

UNION  indicators  have  provided  economic  and  re¬ 
liable  advantages  in  data  display  applications  asso¬ 
ciated  with  Air  Traffic  Control,  Navigation,  Telemeter¬ 
ing,  Fire  Control  and  similar  Airborne  and  Surface 
Instrumentation  displays. 

Write  for  Bulletin  No.  1015  for  complete  information. 


UNION  SWITCH  &  SIGNAL 

DIVISION  OF  WESTIN6HOUSE  AIR  BRAKE  COMPANY  mwm 

PITTSBURGH  18,  PENNSYLVANIA 
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FIT  12  OF  THESE  RECTANGULAR  POTENTIOMETERS 


IN  A  PANEL  AREA  OF  !l  SQUARE  INCHIj 


You  con  pock  12  Bourns  TRIMPOT®  pofenfiometers  in  the 

1 -square-inch  area  occupied  by  the  overage  single-turn  rotary. 


Fit  the  TRIMPOT  into  corners  — between  components— flat  against 

o  chassis  or  printed  circuit  board.  Mount  them  individually  or  in  stacked 
ossemblies.  Any  way  you  use  them  — Bourns  potentiometers  save  space! 


You  con  adjust  Bourns  potentiometers  more  accurately,  too. 
The  25-turn  screw-octuoted  mechanism  gives  you  9000’  of  rotation 
instead  of  270*.  Circuit  balancing  and  adjusting  is  easier,  faster. 

Repeatability  is  assured  every  time.  Furthermore,  adjustments  are 
self-locking— shock,  vibration  and  acceleration  hove  no  effect! 


Write  fcr  new  Model  Summary  Brochure 


Laboratories,  Inc, 


P.  O.  Box  2n2-A  •  Riverside,  California 


ORIGINATORS  OF  TRIMPOT®  AND  TRIMIT® 
PIONEERS  IN  POTENTIOMETER  TRANSDUCERS  FOR  POSITION.  PRESSURE  AND  ACCELERATION 
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If  it’s  worth  engineers'  time 


Beldo* 


J 


Magnet  Wire  •  Lead  and  Fixture  Wire  •  Power  Supply  Cords,  Cord  Sets  and  Portable  Cord  ••  Aircraft  Wires 
Welding  Cable  •  Electrical  Household  Cords  •  Electronic  Wires  •  Automotive  Wire  and  Coble 
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Fourth  in  a  seriM  descnbmi  tht  advantages  ol  ctfamics  in 
electron  tubes.  Previously  discussed:  ImpKt,  Heat,  Vibration. 

. . .  is  an  Eimac  Ceramic  Tube  Extra 

Eimac  ceramic  tubes  provide  reliable  power  in  small  High  power  in  a  small  package  is  just  one  of  the  many 

packages.  The  stacked  ceramic  4CX1000A  shown  above  advantages  of  Eimac's  stocked-ceramic  design  which  now 

—  conservatively  rated  at  one-thousand  watts  plate  dis-  encompasses  Vs  of  the  Eimac  product  line.  Other  advan- 

sipotion  —  is  less  than  5  inches  high  and  372  inches  in  tages  are;  resistance  to  damage  by  impact,  vibration,  or 

diameter.  Compare  it  with  the  conventional  glass  tetrode  high  temperature.  In  addition,  the  ability  of  ceramic  tubes  to 

of  the  same  plate  dissipation  shown  beside  it.  withstond  rigorous  high  temperature  processing  techniques 

The  exceptional  chemical  and  mechanical  stability  of  cer-  reliability,  uniformity  ond  longevity, 

amic  material  at  high  temperatures  makes  this  compact.  In  this  incomparable  line  of  ceramic  tubes  Eimac  has  the 

powerful  tube  possible.  The  higher  temperature  ratings  answer  for  the  design  engineer  who  needs  a  compact 

of  Eimac  ceramic  tubes  make  heat  transfer  more  efficient  vacuum  tube  with  high  power  handling  capabilities, 

ond  reduce  cooling  air  requirements. 


Wrilt  aur  Appliiatian  Fn|inMrtn|  Dtparlminl  far  •  rapy  af 
tht  na«  baahlat  "A^vanttytt  01  Catomici  la  Eltciran  Tukat". 

EITKL-McCULLOUGH,  INC. 

SAN  BRUNO  vCALIFORNIA 

with  ceramic  tubes  that  can  take  it 

Eimac  Designed  and  Manufactured  Products 

Neptlve  Grid  Tubes  Vacuum  Tube  Accessories 

Reflex  and  Amplifier  Klystrons  Vacuum  Switches 

Ceramic  Receivinf  Tubes  Vacuum  Pumps 

Including  more  than  40  ceramic  efectron  tubes. 


i 


Smsller  Size 


Now, 

a  college  education 

'T' «.  ' 

for  just  a  few  dollars  a  year!  ) 


Some  time  ago,  a  man  called  your  name,  and  you 
walked  across  a  stage,  and  were  handed  a  di¬ 
ploma.  Were  you  proud!  You  were  educated.  The 
world  was  your  oyster. 

You  promised  yourself  then  that  you  would 
keep  your  education  alive.  That  you’d  go  back 
and  earn  that  graduate  degree.  Or  brush  up  at 
night  school,  or  some  summer  seminar.  But  then 
you  met  that  pretty  girl.  A  few  years  later  —  the 
stork,  the  new  house  on  Cedar  Road  .  .  .  every¬ 
thing  seemed  to  happen  at  once. 

Meanwhile,  back  on  the  job,  you  were  busier 
and  busier.  Company  expanding.  New  products. 
New  problems.  Nights  when  you  got  home,  you 
were  really  beat.  After  dinner,  you’d  park  your¬ 
self  in  your  easy  chair,  find  your  mind  wander¬ 
ing  to  the  future  —  “Am  I  slipping?  Is  manage¬ 
ment  passing  me  by?” 

.May  we  help  you  help  yourself?  May  we  sug¬ 
gest  a  method  for  moving  ahead,  a  proved  road 
to  new  opportunity?  Do  you  know  that  you  can 


still  get  that  advanced  education  you  promised 
yourself  —  and  for  just  a  few  dollars  a  year? 

Yes,  you  can  get  it  right  here  in  the  pages  of 
this  publication.  The  currency  of  news  and  fact 
about  your  industry  as  only  McGraw-Hill’s  edi¬ 
torial  facilities  and  competence  can  bring  it  to 
you.  The  knowledge  that  is  the  power  of  author¬ 
ity.  For  here  you  learn  the  most  efficient,  adult 
way  —  by  active  participation.  You  share  com¬ 
mon  problems,  objectives,  and  job  interests  with 
men  just  like  yourself. 

If  you  are  so  fortunate  as  to  have  a  personal 
subscription  to  this  McCraw-Hill  magazine,  the 
few  dollars  it  costs  you  will  return  you  many 
thousands  in  greater  distinction  in  your  present 
work  —  richer  dividends  in  promotion.  If  you 
happen  to  share  your  copy  on  a  routing  list  .  .  , 
please  consider  the  advantages  of  your  own  sub¬ 
scription.  But  no  matter  whose  copy  you  read, 
really  read  it!  Every  extra  minute  you  put  into 
it  is  preferred  stock  in  your  own  future. 


The  most  interesting  reading  for  the  man 


most  interested  in  moving  ahead 
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from  SYLVAN  I A 


Announcing  the 
Sylvania 
Framelolc  Grid 


•  •  •  Introducing  a 
New  Receiving  Tube  Era 


V* 


Sylvania’s  revolutionary  Framelok 
construction  marks  the  era  of  mass 
produced  “Frame  Grid”  Tubes 


can  be  achieved— requiring  less  screen  power  for 
optimum  performance.  Thus  improved  horizontal 
scan  performance  can  be  realized. 


Frame  grid  history  it  a  Sylvania  history 

Beginning  with  its  earliest  handmade  frame  grid, 
Sylvania  has  concentrated  engineering  effort  on 
frame  grid  design  and  development.  From  this 
experience,  comes  the  Framelok  Grid,  a  revolution¬ 
ary  design  which  makes  it  possible  to  mass  produce 
frame  grid  tubes  for  the  first  time. 

First  tube  to  incorporate  the  Framelok  Grid  is 
the  Sylvania  Type  6FH6— a  beam  power  pentode 
designed  for  Horizontal  TV  Deflection. 


Higher  Dissipation 

Less  required  screen  grid  power  for  a  given  plate 
ix>wer  automatically  reduces  the  dissipation  re¬ 
quirements  of  the  Framelok  Grid.  And  since  the 
Framelok  Grid  has  greater  mass  it  is  more  capable 
of  dissipating  heat.  These  factors,  contributing  to 
inherently  lower  grid  emission,  make  it  possible  to 
achieve  higher  peak  plate  currents  before  dissipa¬ 
tion  becomes  a  limiting  factor. 


Framelok  Grid  is  self-aligning 

In  the  Framelok  Type  6FH6,  grid  alignment  is 
accomplished  with  unprecedented  ease  and  preci¬ 
sion.  Sylvania’s  unique  construction  draws  grid 
laterals  taut;  grid  wires  are  arranged  in  a  ladder 
sequence,  normal  to  the  axis  of  the  grid.  Precise 
frame  construction  and  close  mica  tolerances  make 
perfect  alignment  automatic. 


Mount  is  more  rugged 

Unlike  ordinary  grids,  strength  of  the  Framelok 
Grid  comes  from  its  rigid  frame  and  is  independent 
of  the  grid  wires.  This  rigidity  is  transferred  to  the 
mount  assembly,  reducing  life  failures  resulting 
from  grid  warping  or  bowing. 


Higher  Plate-to-Screen  Current  Ratios 

Framelok  tubes  are  more  efficient  as  a  result  of 
precise  grid  alignment.  Plate-to-screen  current  ratios 
substantially  greater  than  those  of  present  types 


More  uniform  transfer  characteristics 

More  precise  grid  construction,  more  uniform  ele¬ 
ment  spacings,  and  more  rugged  mount  assembly. 


Here  are  a  few  highlights  of  the  mechanical 


A  Straight  line  geometry  of  grid 
aide-rods  in  present  grids  is  considerably 
weaker  than  the  double-box  configura¬ 
tion  formed  by  frame  grids.  Distortion 
due  to  mount  “twist”  is  virtually  non¬ 
existent  in  the  frame  grid  structure. 


B  Sylvania’s  new  Framelok  construc¬ 
tion  eliminates  brazing  and  adapts  the 
frame  grid  to  automatic  production.  Grid 
halves  are  perfectly  flat — free  from  ther¬ 
mal  strains. 


al 


itruc- 
H  the 
Gnd 
ther- 


Many  grid*  look  liko  ono!  The  in¬ 
herent  alignment  capahilitiea  of 
Sylvania’a  F'ramelok  Grid  are  demon¬ 
strated  hy  the  ease  with  which  the 
laterals  of  any  number  of  separate  grid 


halves  can  be  lined  up.  Perfect  align¬ 
ment  means  higher  efficiency — greater 
flexibility  in  the  selection  of  grid  wire 
diameters  for  optimum  performance. 


FRAMEUOK  TUBE 


add  up  to  closer  control  over  tube  transfer  character¬ 
istics.  Narrower  control  of  limits  of  course  means  less 
critical  circuitry,  and  a  more  stable  and  reliable 
performance  in  the  end  product. 


ORDINARY  TUBE 


ORDINARY  GRID 


Application  potentials  are  wide 

To  meet  the  heavy  operational  requirements  of 
horizontal  deflection  tubes,  the  first  Framelok  tube 
to  be  announced  is  the  Horizontal  Deflection  Typ)e 
6FH6. 

The  adaptability  of  this  grid  is  such  that  applica¬ 
tion  of  Framelok  tubes  should  quickly  extend  to 
vertical  TV  deflection,  video,  audio,  and  a  wide 
range  of  low  and  medium  power  uses  in  the  frequency 
range  below  UHF. 


FRAMELOK  GRID 


Uniform  trantfor  charoctoristic*  of  tho  Framelok  Grid  tube 
result  largely  from  greater  control  of  both  major  and  minor 
dimensions  of  the  grid.  Above  is  a  graphic  representation  of 
variations  in  characteristics  which  result  from  distortion  of 
the  minor  dimensions  in  wound  grids.  Since  both  major  and 
minor  are  fixed  in  the  rigid  frame  grid,  these  variations  are 
virtually  eliminated. 


superiority  of  the  Framelok  Tube 


C  Self-alignment  is  accomplished  in 
the  Framelok  Grid  through  precise  con¬ 
trol  of  the  distance  between  the  mica 
and  the  first  grid  lateral  wire.  These 
tolerances  in  the  frame  grid  are  held  in 
the  order  of  one  tenth  of  one  thousandth 
of  an  inch — considerably  tighter  than 
ordinary  grid  tolerances. 


Sylvania’s  unique  technique  of 
frame  grid  construction  makes  it  pos¬ 
sible  to  dupUcate  grid  after  grid.  More 
uniform  spacings  produce  a  more  uni¬ 
form  electrostatic  field  in  the  tube. 


D  Mica  slots  are  designed  with  flat 
alignment  surface  and  channel  index  to 
position  grids  with  much  greater  pre¬ 
cision.  Closer  element  spacings  are 
possible  where  extra  Gm  is  required. 


6^H6 


Highly  efficient  horizontal  deflection  tube 

Proved  in  pilot  and  now  being  planned  for  mass  production,  the 
Framelok  Type  6FH6  is  the  most  efficient  tube  ever  designed  for 
horizontal  deflection  service. 

It  provides  design  engineers  with  a  new  flexibility  in  cir¬ 
cuit  design  because  of  the  high  zero-bias  plate-to-screen  current 
ratio.  This  jjermits  the  tube  to  be  driven  harder  at  a  lower 
screen  dissipation. 

The  6FH6  supplies  increased  power  output  because  plate  volt¬ 
age  can  swing  to  a  very  low  value  without  encountering  unduly 
high  screen  grid  currents.  Higher  screen  voltages  can  be  main¬ 
tained  at  lower  dissipation  levels  resulting  in  higher  output  peak 
current  and  pwwer. 


Framelok  type  6FH6  plate-to-acreen 
current  ration  are  compared  to  thoae  of 
comparable  existing  tubes. 


Mashnam  D.  C  plat*  (apply  vaHag*  (baaal  +  DC  paoar  (apply) 
Maxlmaai  paak  p*(Mv*  plat*  vaMapa . 


Avnaai  CHAtAcmitncs 
Panlad*  aparaHoa  wllli  »  330  V|  1(3=1  SO  V|  1*1=  — 31.S  V; 

Ptal*  canani . . 

OrM  13  canani  . . 

Tranacandacfanca  . 

Ptal*  raaiatanca  . 

Zara  Ua*  wMh  V;  1(3=1S0  V;  1(1=4;  (Indanlanaaa*  valaa() 

PM*  canani . 

OrM  #3  canani  . 

CaMI:  Par  lb=1.0  mm  wMi  b-  350  V;  lc3  -ISO  V. 


control  point  pi  ■  .  .. 

Typ*  «PM«  1(3  ISO  V  DC 

Avf .  Oif  Icf 

if  Ralsd  V ka* 


For  additional  information  on  Framelok  Tubes 
and  the  Type  6FH6  mail  this  coupon  to: 

Sylvania  Electric  Products  Inc. 

1740  Broadway 
New  York  17,  N.  Y. 


Name. 


Sylvania  Electric  Products  Inc.,  1740  Broadway,  New  York  19,  N.  Y. 

In  Canada:  Sylvania  Electric  (Canada)  Ltd.,  Shell  Tower  Bldg.,  Montreal 


Company. 


Street. 


LIGHTING  •  TELEVISION  •  RADIO  •  ELECTRONICS 
PHOTOGRAPHY  •  ATOMIC  ENERGY  •  CHEMISTRY-METALLURGY 


EQUIPMENT  BE 
RADIO  INTERFERENCE  FREE? 


•  <lrc«!l  ■iiiiafvriz«4  Alter  for  wide  bend 
IF  Interference  Suppretsien. 


IF  YOURS  IS  A  TOUGH  RP 
INTERFERBNCE  PROBLEM-LET 
FILTRON  SOLVE  IT  ...  . 


niTRON'S  •ngin*«ring  ddpartmsnl,  cooperating  with  ongi* 
noort  of  loading  companiot,  hat  tolvod  RF  Intorforonco 
Supprottion  problomt  throughout  the  country. 


If  your  oquipmont  mutt  moot  tho  RF  Intorforonco  limitt  tot 
by  tho  military  tpocifleationt,  contult  with  FILTRON'S  ongi* 
noort  in  tho  oarliott  ttagot  of  dotign.  FILTRON  can  furnith 
RF  Intorforonco  Supprottion  Filtort  whoto  tizo,  weight  and 
overall  configuration  will  fit  into  your  oquipmont. 


FILTRON  hat  cuttom  designed  over  1000  different  typos  of 
RF  Intorforonco  Supprottion  Filtort  for  oquipmont  that 
moots  military  RF  Intorforonco  Supprottion  limitt  and 
tpociAcationt. 


MifiiotwfO  3  onip.<>t35  VAC-400^  filtpc-Koraiptlcelhr  Molpd* 

%if  *  I''  K  ^ 


FILTRON'S  completely  equipped  screen  rooms  ore 
always  available  for  tho  RF  Intorforonco  totting 
of  your  units  and  oquipmont. 


r 


An  inquiry  on  your  cempony  lettorhoOd 
will  rocoivo  prempi  oltontion. 


FILTRON  can  best  tolvo  your  RF  Intorforonco  probhms  bocauto: 


IS  eeip.-2t  VDC  Alter,  liie  S'  «  2*  i  PA'.  wHk  preMurIxed 
AN  ceenecten-higli  ettenuetiee  from  ISO  KC  te  400  MC. 


O  tllTRON't  engineering,  rtMorcIi  end  detign  divitioni  ore  staffed  by 
experienced  tF  Interference  Suppression  filter  engineers. 

O  FIITION'S  modern  shielded  loberirteries  are  equipped  te  measure 
tf  Interference  from  14  RC  te  1000  MC  In  iKcerdance  srith 
milHary  specificallent. 

O  fllTRON'S  production  facilities,  cemprising  a  copociter  manufactur¬ 
ing  division,  coil  winding  division,  metal  fabricotloa  shop, 
metal  stamping  imd  tool  ond  die  shops,  are  exclusively 
producing  the  highest  quolity  cemponents  for  FILTRON'S 
RF  Interference  Suppression  Flltert. 

*  FILTRON'S  extensive  production  facilities  permit  wt  to  meet  yoor 
deRvery  requiremonit.  NOWI 


1  RF  INTERFERENCE  SUPPRESSION  FILTERS  FOR;  I 

Motors 

Dypbemeters 

tower  ttonts 

Inverters 

Acteoters 

f  lectrensc 

GosoMne 

Cenfrels 

Ingines 

1  And  other  tF  Interference  predweinf  eqeipment  | 

LOCKHEED  XF-M 


Send  for  your  copy  of  our  NIW  CATALOG  on  your  company  letterhead. 


'  ■  ■  ‘  ■  / 

_  CO.,  INC. 

FLUSHING,  LONG  ISLAMP,  NEW  YORK  t 


PLANTS  IN  FLUSHING,  NEW  YORK,  AND  LOS  ANGELES,  CALIFORNIA 
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NOTABLE  ACHIEVEMENTS  AT  JPI _ 


THE  ARMY’S  NEW  SERGEANT 


JPL  is  proud  to  have  the  responsibility  of  designing 
and  developing  the  U.S.  Army's  newest  operational 
missile  system— the  Sergeant.  This  weapon  is  America's 
first  truly  "second  generation”  surface-to-surface 
tactical  missile  and,  when  placed  in  production  will 
eventually  succeed  the  Corporal  which  was  also  a  JPL 
development. 

The  Sergeant,  especially  designed  as  an  extremely 
mobile  tactical  weapon,  utilizes  a  solid  propellant  rocket 
motor  which  provides  better  field  handling  and  storage 
capabilities  than  those  of  many  other  weapon  systems. 
It  can  deliver  a  nuclear  blow  deep  into  enemy  territory 


and  its  highly  accurate  guidance  system  is  invulnerable 
to  any  known  means  of  enemy  countermeasure. 

All  elements  of  the  Sergeant  are  particularly  designed 
for  active  field  use  with  emphasis  on  reliability,  mobility 
and  the  use  of  standard  U.S.  Army  vehicles  wherever 
possible.  The  erector-launcher,  for  example,  is  capable 
of  rapid  movement  over  rough  terrain.  These  character¬ 
istics  place  in  the  hands  of  the  U.S.  Army  an  important 
new  tactical  element  of  extended  range. 

The  basic  activity  at  JPL  continues  to  be  — research 
into  all  scientific  fields  related  to  the  development  of 
weapons  systems  and  space  research  vehicles. 


X  \ 

/  CAKEEK  > 
I  OPPORTUNITIES 

I  NOW  OPEN  IN 
\  THESE  PIEIDS  / 


ELECTRONIC,  MECHANICAL,  CHEMICAL  AND  AERONAUTICAL 
ENGINEERING  •  PHYSICS  AND  MATHEMATICS 


JET  PROPULSION  , 
LABORATORY 

A  DIVISION  OF 

CAllFOtNIA  INSTITUTC  of  TfCMNOlOCF 
PASADENA  •  CALIFORNIA 
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MODEL  372  SLIDING  CDAXIAL  TERMINATIDNS 


Thit  equipment,  availeble  only  from  Narda,  providea  the 
mo«t  convenient  meant  for  evaluatini  the  residual  VSWR  of 
coaiial  slotted  lines.  VSWR  of  the  element  Is  l.OS  or  lets; 
covers  ranie  from  2000  to  12,400  me. 

>  CwM ctK,  tit  ■  tfali  $tlO  C  C— irtit,  Mia  it  Iwtli  $116 


Microwave  engineers- 

Where  can  pi  use 
these  exclusive  features 


MODEL  371  FIXED  COAXIAL  TERMINATION 

This  ffarda  coasial  termination  it  the  first  and  only  to  cover 
the  entire  frequency  ran(e  from  S  to  X  band  Same  range  and 
element  VSWR  as  above. 

U  C— Ktir,  tit  m  twBli  SS5  C  Cwairtw,  tit  it  liwli  SSS 


HIGH  DIRECTIVITY  COUPLERS 

The  40  db  High  Power  Coupler  Is  another  eiclutive  Narda 
product  Similar  to  standard  types,  eicept  that  coupling  irises 
are  in  the  narrow  wall,  it  may  be  used  at  full  rated  power 
of  the  waveguide  sire  Nominal  coupling  value  It  40  db; 
directivity  40  db  Directivity  for  3,  6,  10  and  20  db  couplers 
IS  also  40  db  Standard  cover  flanges  on  primary  line:  low 
VSWR  termination  and  standard  'cover  flange  on  secondary. 
All  bands  covering  frequencies  from  2600  to  18.000  me. 


STANDARD  REFLECTIONS 


Narda  offers  five  values  of  reflections  tor  each  of  six  dif¬ 
ferent  waveguide  sUes  .  the  most  complete  choice  we 
know  of!  Provides  calibrated  reflections  or  VSWR's  for  use 


offered  by  narda? 


Waveguide  and  Coaxial  IMPEDANCE  METERS 

Exclusively  in  Narda  Waveguide  and  Coaxial  Impedance  Meters,  the 
carriage  mounting  and  drive  mechanism  are  integral  with  the  precisely 
machined  transmission  line  casting.  This  insures  permanent  accuracy 
and  freedom  from  slope  errors— no  more  tedious  adjustment  or  possi¬ 
bility  of  misalignment. 

Other  features  include  angle-mounted  scale  and  vernier  for  optimum 
visibility;  readily  removable  supporting  pedestal;  and  smooth  carriage 
travel  action.  Waveguide  models,  accurate  for  VSWR’s  of  1.01,  are 
available  for  complete  coverage  from  2600  to  18,000  me;  N  or  C  Con¬ 
nector  coaxial  models,  from  1500  to  12,400  me. 

WAVEGUIDE  IMPEDANCE  METERS  COAXIAL  IMPEDANCE  METERS 


Ceniiuctors 
(On*  Malt, 
One  ftmalt) 


_20NE 


in  standardiiing  rtflectomelers  or  calibrating  tioned  line 
impedance  meters. 


SPEC  iriCAT  IONS 


Frequency 

(kmc) 


Residual 

VSWR 


Price 


1.01 


3  95—  5  85 


7.05—10.0 


Models  for  2.60  to  18.0  kmc,  from  S125  to  S300 


12  4  — 18  0 


the  narda 

microwave  corporation 

160  HERRICKS  ROAD,  MINEOLA,  N.Y.  •  PIONEER  6-4650 


COMPANY 


Ctmpitte  Ceixiil  and  Wavefuide  Instrumentatisn  far  Micrawaves  and  UHF — including: 

DIRECTIONAL  COUPLERS  TUNERS  \  AHENUATORS 

TERMINATIONS  ECHO  BOXES  STANDARD  REFLECTIONS 

FREQUENCY  METERS  SLOHED  LINES  BOLOMETERS 

HORNS  BENDS  THERMISTORS 


NAME 


ADDRESS  - _  . 


CITY _ _ 


The  Narda  Microwave  Corporation 
160  Herricks  Road 
Mineola,  N.  Y, 

Dept.  E-1 


MAIL  COUPDN  TODAY  FOR 
FREE  CATALOG  AND  NAME  OF 
NEAREST  REPRESENTATIVE 


iiiiii  III 

0.00 

005 

0.10 

0  15 

BWi 

Coefficient 

Accurecy 

1 

1 

I 

1  00 

1  105 

1  222 

1  353 

Frequency 

(kmc) 


15  to  12  4 


Series  N 


5  to  12  4 


Series  C 
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CambionS  coil  forms  with  Perma-Torq’S  Tensioning  Device  are  designated  PI^ST,  PIjS-6,  PL^-5,  PIjS-7,  PI^8  and 
are  factory  assembled  to  mounting  studs.  The  units  are  completely  interchangeable  with  Cambion’s  LST,  LS-5, 
IjS-6,  LS-7  and  1^8. 


Reliability  is  their  family  resemblance 


Here’s  a  reliable  family  of  coil  forms 
ready  to  meet  your  sfiecifications.  These 
Perma-Torq  Tensioning  Devices  on 
Cambion  coil  forms  allow  locking  of 
tuning  cores  while  still  tunable  —  and 
you  can  depend  upon  them  to  do  their 
job  well. 

This  built-in  dependability  is  a  result 
of  Cambion’s  unique  design  plus  quality 
control  —  that  meets  or  betters  govern¬ 
ment  specifications. 

Perma-Torq  is  a  compression  spring 
of  heat  treated  beryllium  copper,  that 
has  a  very  high  resistance  to  fatigue 
and  keeps  coils  tuned  as  set  —  even 
under  extreme  vibration  and  shock. 

The  device  also  allows  for  immediate 
readjustment  —  without  removal  or 
loosening  of  any  mounting  nut  or  lock¬ 
ing  spring. 

Quality  control  and  features  like  the 
above  are  just  two  of  the  reasons  why 
Cambion  can  offer  you  guaranteed 
standard  or  custom  electronic  com¬ 
ponents  —  whose  performance  you  can 
rely  upon. 

Cambion  researchers  and  practical 
experts  are  always  available  to  help  you  Makers  of  guaranteed  electronic  components,  custom  or  standard 
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solve  your  component  problems.  For 
all  specifications  and  prices,  write 
Cambridge  Thermionic  Corporation, 
437  Concord  Avenue,  Cambridge  38, 
Mass.  West  Coast  stocks  mainUiined 
by  F2.  V.  Roberts  and  A.ssociates,  Inc., 
5068  West  Washington  Blvd.,  Los 
Angeles  16,  and  1.560  Laurel  St.,  San 
Carlos,  Calif. 

Cambion**  new  printed  circuit  coil  forma  are  ideal 
for  hiffh  temperature  work  and  horizontal  mounted 
panels.  Equipped  with  Perma-Torq  locking  device 
for  set  tunina,  the  tuning  core  is  afbxcKi  to  the  form 
at  one  end  through  a  brass  housing,  thus  eliminat¬ 
ing  internally  threaded  forms  and  cores  and  result¬ 
ing  in  a  more  precise  element  with  finer  tuning. 

coils,  2550.  2540.  2530  and  2525,  are  ceramic 
units  with  silicone  fiberglas  collars  which  have 
terminals  for  mounting  on  printed  circuit  boards. 

*Patent  pending. 


CAMBRIDGE  THERMIONIC  CORPORATION 


,0000 


Multi-channel— telegraph  A1  or  telephone  A3 


High  stability  (.003%)  under  normal  operating  conditions 


Components  conservatively  rated.  Completely  tropicalized 


Here’s  the  ideal  general-purpose  high  frequency  trans¬ 
mitter  !  Model  446,  suitable  for  point-to-point  or  ground- 
to-air  communication.  Can  be  remotely  located  from 
operating  position.  Coaxial  fittings  to  accept  frequency 
shift  signals. 

This  transmitter  operates  on  4  crystal-controlled 
frequencies  (plus  2  closely  spaced  frequencies)  in  the 
band  2.5-24.0  Mcs  (1. 6-2.5  Mcs  available).  Operates 
on  one  frequency  at  a  time;  channeling  time  2  seconds. 
(Carrier  power  350  watts,  A1  or  .\3.  Stability  .003%. 
Nominal  220  volt,  50/60  cycle  supply.  Conservatively 
rated,  sturdily  constructed.  Complete  technical  data 
on  request. 

Now!  Complete-package,  192  channel,  H.F.,  75  Ih. 
airborne  communications  equipment  by  Aer-O-Com! 
Write  us  today  for  details! 
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this  is  a  record  off 


Pres%ort.  Out 
/  mti-t  d^ront- 


The  Visicorder  charts  pressure  fluctuations 
in  a  supersonic  inlet 

A  Model  906  Honeywell  Visicorder  wrote  this  record 
of  pressure  fluctuations  . .  ."buzz”. . .  for  the  National 
Advisory  Committee  for  Aeronautics  at  the  Lewis 
Flight  Propulsion  Laboratory  in  Cleveland.  Buzz  is  the 
term  used  to  describe  unsteady  variation  in  pressure 
and  airflow  characteristics  of  a  supersonic  aircraft  or 
missile  inlet. 

The  pur{>ose  of  these  Visicorder  studies  is  to  de> 
fine  the  buzz-free  operating  limits  of  the  inlet,  and  to 
provide  the  designer  with  structural  load  information 
in  case  the  inlet  is  inadvertently  caused  to  operate  on 
buzz  during  flight.  This  is  particularly  important  be¬ 
cause  inlet  buzz  can  result  in  fluctuating  structural 
loads  of  the  order  of  1000  psf.  Depending  on  the  inlet 
design,  this  could  cause  structural  failure  of  the  inlet 
and  loss  of  the  airplane. 

High  response  pressure  transducers  are  used  to 
measure  these  fluctuating  pressures  and  the  resulting 
electrical  signal  is  fed  into  the  Visicorder.  Records 
such  as  this  are  also  necessary  in  the  determination  of 
the  inlet  dynamics  such  as  delay  time.  This  informa¬ 
tion  is  then  used  to  design  inlet  control  systems. 


SACA  Engineer  examines  Visicorder  record 
The  Honeywell  Visicorder  is  the  first  high- 
frequency,  high-sensitivity  direct  recording  oscil¬ 
lograph.  In  laboratories  and  in  the  field  every¬ 
where,  instantly-readable  Visicorder  records  are 
pointing  the  way  to  new  advances  in  product  de¬ 
sign,  rocketry,  computing,  control,  nucleonics 
...  in  any  field  where  high  speed  variables  are 
under  study. 

To  record  high  frequency  variables— and 
monitor  them  as  they  are  recorded— use  the  Visi¬ 
corder  Oscillograph.  Call  your  nearest  Minne¬ 
apolis- Honeywell  Industrial  Sales  Office  for  a 
demonstration. 


Honeywell 


Reference  Data:  Write  for  Visicorder  Bulletin 

Minneapolis-Hotieywell  Regulator  Co.,  Industrial  Products  Group,  Heiland  Division,  5200  E.  Evans  Ave.,  Denver  22,  Colorado 
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ALLIED’S  NEW  ADDITIONS  TO  THE 

KH  SUBMINIATURE  LINE 


TypM  KHJ  mmd  KHY 
OmiRAL  mTUMSs 

Contact  Dcrtat 

Coftfod  Arrangofiiont— DPDT 

Contact  Rating>. 

low'lovot  up  to  2  amps  at  29  voHs  d-c, 

1  amp  at  1 1 5  votts  a-c  400  cps 

non-Muctivo  or  0^  amp  inductivo.  : 

Q  Ufo- 1 00,000  mMmwn  at  1 25*C 

Abo  ovoitablo  3  amps  at  29  volts  d«€, 

2  amps  at  11 5  volts  a-<  <400  cps 

non<4tdwctivo  or  1  amp  inductivo.  _  -  ^ 

Ufo— 100,000  at  3  amps  or  500,000 
minimum  at  2  amps  at  1 25*C 
Wtkii  Contact  ' 

Roshtonco— 0.05  ohms  maximum 
Contoct  Drop—  1  mWivolt  maximum  P- 

at  low  lovol  rating,  initial  and  during  ' 

low  lovol  mbs  tost 

9 

^  Opnrata  Data:  ^ 

t>-C  Coil  Rosistonco— up  to  10,000  ohms 
Nominol  Rowor—  1 .2  watts 
PwN'in  Powor— 240  miBwatts  (standard) 
p  100  milliwatts  (spodal) 

Oporoto  Timo— 5  miltisooonds  max. 

Roloaso  Timo— 3  millisoconds  max. 

Dtatactric  Sfrongth: 

1000  volts  rms  at  soa  lovol 
500  volts  rms  at  70,000  foot 
350  volts  rms  at  80,000  foot 
Intulotion  R*«ittanc«: 

1 0,000  mogohms  minimum  iert  1 25*C 

mVIIIONMINTAL  FIATURU 

Vibration: 

5  to  1 0  cps  at  0.5  inch  doublo  amplitudo 
1 0  to  55  cps  at  0.25  inch  doublo  amplitudo 
55  to  2000  cps  at  20  g 
Shock:  100  g's  oporational  •  200  g‘s  mochankal 
Ambiont  Tomporafuro:  -65'*C  to  +125'*C 


ACTUAL  SIZES 


m 


Woight:  0.5  ouncos 
Torminait: 

Hoohod  Soldor  •  Plug*in  o  Printod  Circuit 
Mounting*: 

2  or  4  holo  brackots  at  baso  or  contor  of  gravity' 
1  or  2  stud  on  top  or  sido  of  housing 


m 


Typ«  KH 

First 

Subminiature 

Relay 

ORIGINATED  BY 
ALLIED  IN 

1952 


(M 

)  r 


Type 

KHY 


Type 

KHJ 


Allied's  type  KUJ  and  KHY  subminiature  relays  were 
developed  to  meet  the  present  "Automation"  need  for 
relays  with  incremental  grid  spaced  terminals  and  with 
improved  performance.  These  relays  have  a  higher  contact 
rating  and  are  designed  to  meet  the  increased  vibration 
and  shock  requirements  of  the  latest  MIL  specs.  They 
are  available  with  mounting  brackets  that  are  interchange¬ 
able  with  Allied’s  present  type  KH  subminiature  relay. 
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MIL.R.25018  •  MIL-R-5757C 


>ilHoSi0OA(.  TOLCOaucC*  ON 


ALLIED  CONTROL 

AiillO  CONTtOl  COMAANTp  INCp  2  lAtT  IN»  AVINVIp  NIW  YOtK  21,N.  Y. 
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Th9  6?I6/Tf>39  rvg9«d(>«d  Klf$»rot* 

th^nmolly  o  bo^  of  8500  to  9650  A4C 
by  loooni  of  o  dtodo  vrilfMA  too  rocvuio  oovotopo. 
Twmng  ipood  ovor  to#  rogiMrod  froquoncf  rong# 
is  0.7  focoodi  min.  to  3.0  tocondi  mojc. 


Tfi#  6940/Tf-58  is  idttfkel  to  to# 

6\i6,  bvf  boi  ipocio/  cbofoctofiilki 
limitoig  spectrum  width  and  spwctrvm 
tonhnuity  vndf  orfvfi#  tood  condtoon*. 


TK#  6845/Tf*59  is  mmhr  to  #l#(fr«cel  ond 
m#cf>on>col  cftoroctofiffki  to  to#  6116  bvf 
mox  b#  opofotod  ondor  pvimd  condifiom 
with  miiwmvm  fro^uoncjr  msodvhhon. 


BENDIX  RUGGEDIZED  REFLEX  KLYSTRONS 
WITH  THERMAL  TUNING 


The  6116/TE-39  Klystron  tube 
combines  ruggedized  construc¬ 
tion  and  thermal  tuning.  The  com¬ 
bination  provides  a  desirable  tube 
for  use  in  air-borne  radar  and 
similar  applications.  Ruggediza- 
tion  makes  jx>ssible  a  frequency 
jitter  of  less  than  ±1.3  MC  ...  at 
vibration  levels  up  to  10  G  at  50 
cps.  Thermal  tuning  provides  a 
twofold  advantage.  It  permits 


tuning  the  tube  over  its  entire 
operating  frequency  remotely  with¬ 
out  mechanical  means — and  the 
tube  can  be  re|:)eatedly  cycled 
throughout  its  tuning  range  with¬ 
out  damage  or  deterioration. 

These  Reflex  Klystrons  are  but 
one  example  of  how  Bendix  Red 
Bank  technology  can  help  you 
meet  specialized  tube  needs.  For 


information  on  these  tubes  .  .  . 
and  on  backward-wave  oscilla¬ 
tors  and  traveling-wave  tubes  .  .  . 
write  RED  BANK  DIVISION,  BENDIX 
AVIATION  CORBORATION,  EATON- 
TOVVN,  NEW  JERSEY. 

W#st  Coo»t  Sal#i  &  S#rvic#t 
117  E.  Provid#ncia  Av#.,  Bufbonk,  Calif. 

Eiiport  Sol#«  &  $«rvk#:  8#ndiK  Intarnotionol  Divkiofif 
305  E.  43nd  St..  N#w  York  17.  N  Y. 

Canadian  Dktribwtof:  Computing  D#vic#s  of  Conodo.  lld.« 
P.O.  Box  508.  Ottowo  4.  Onforio 


Red  Bank  Division 
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CERAMICS 


HIGH  PRECISION  TOLiRANCES 


ACTUAL  SIZE 


ih  A  ‘  ^ 

Diameter.. 

T'i{>er  .  . 

nanib>-*r 

O'jt  of-(?oundn>  S', 


.  '''tttr ;? 

•:  a:;  10 

:  O’. 

0  .  I  c 


;'U  niMG 

Diameter  ,  .  0.0000'"7' 

Taper  -.  0.0000 10 


Coniber 


0.000010 


Quf-of-RoundoesS^'  0.000010 


BENOIX  AVIATION  CORPORATION  SHAFT  AND  BUSHING  ASSEMBLY 


VERY  CLOSE  TOLERANCES  AND  CLEARANCES 
ON  ASSEMBLY  PROVIDE  FRICTION  FREE  ACTION 


Coors  Alumina  Ceramic  is  used  in 
production  quantities  by  the  llendix 
Aviation  Corporation  for  a  shaft  and 
hushing  a.ssemhiy  that  has  tolerances  as 
close  as  :t  ().()(K)015.  From  one  bushing 
to  another,  Coors  holds  the  diameter  to 
±:0.()0(X)50.  Between  one  shaft  and  an¬ 
other,  Coors  holds  the  diameter  to 
±0.000015,  On  both  bushings  and 
shafts,  taper,  camber  and  roundness  of 
individual  parts  are  held  to  0.000010 
total. 

Extremely  clo.se,  match-fit  sets  of 
this  assembly  are  made  by  selective  fit¬ 


ting.  Finishing  within  a  few  millionths  is 
required  to  provide  proper  fits — exact 
clearance  must  be  withheld. 

These  very  close  tolerances  and 
clearances  provide  friction  free  action 
between  the  shaft  and  bushing.  This, 
combined  with  the  hardness  and  chemi¬ 
cal  inertness  of  the  alumina  ceramic, 
gives  the  assemblies  long,  trouble  free 


Guaranteed  precision  on  a  produc¬ 
tion  ba.sis  permits  the  engineer  to  use 
Coors  ceramics  in  applications  where 
the  physical  properties  of  metals  and 


plastics  are  unacceptable.  Tolerances 
and  finishes  which  can  be  obtained  by 
Coors  are: 

Diametrical . within  0.000030"  total. 

Taper . 0.000010"  per  inch  of  length*. 

Comber. . 0.000010"  per  inch  of  length*. 

Out-of-roundness . 0.00001  G". 

Surface  flatness  —  less  than  1  light  band. 
Equivalent  surface  finish  — 

3  to  4  r.m.s.  microinch. 

*(in  hngtht  up  to  J  inchoit 

For  a  complete  description  of  phy¬ 
sical  properties  of  Coors  High  Alumina 
Ceramics,  write  for  Bulletin  1055A. 


COORS  PORCELAIN 
COMPANY 


Meni^ecfvrert  ef  High  Strength  AJvmlnm  Ceremte< 
OOIDIN,  COLORADO 


I: 


COORS  FORCEUIN  CO.,  616  9th  St.,  Golden.  Cole. 

Please  send  me  detailed  Bulletin  10S5A  on  Coors  High  Strength' 
Alumina  Ceroltiks  and  Coors  manufacturing  facilities. 

. . THh . . 


CoTT^eSV. . . . . 

Addfs" — . . . 

City. . . . . . Sfr  ‘ ' . ...... 

Please  refer  to  our  12-page  catalog  In  Sweet's  Product  Design  File 
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CLEVITE  'BRUSH’ 


Flux-Responsive 
Magnetic  Heads 

REDUCED  BUFFER  STORABE  EQUIPMENT,  FASTER  DATA 
ACCESS,  EARLIER  RELEASE  OF  MAIN  COMPUTER 


Clevite  "Brush”  Flux-Responsive  Heads  respond  to  the  magnitude  of  signal 
flux  instead  of  the  rate  of  flux  change.  Output  of  flux  heads  is  independent  of 
tape  or  drum  speed  and,  therefore,  independent  of  frequency  or  pulse  repetition 
rate.  The  signal  reproduced  by  the  flux-responsive  head  is  an  accurate  facsimile 
of  the  recorded  flux  pattern  and  of  the  original  recorded  information. 

The  output  of  a  computer,  recorded  at  high  speed,  can  be  played  back  later  at 
much  slower  speeds  with  a  flux-responsive  head  to  exactly  match  the  relatively 
slow  processing  rate  of  typewriters,  card  punching  machines  and  other  output 
devices.  Clevite  Flux-Responsive  Heads  can  also  operate  in  the  conventional 
manner.This  permits  one  head  to  search  recorded  data  at  high  speed, locate  it,  and 
then  be  switched  to  flux-responsive  operation  for  operating  of  output  devices. 

Special  flux-responsive  heads  have  been  developed  by  Clevite  to  meet  specific 
customer  applications.  They  are  now  commercially  available  in  1  to  32  channel 
form  in  a  variety  of  mechanical  configurations.  These  designs,  slightly  modi¬ 
fied,  may  fit  your  present  requirements.  One  of  our  specialists  will  be  pleased 
to  discuss  yoiu*  application  by  detailed  correspondence  or  piersonal  visit.  Write: 
Product  Manager,  Magnetic  Heads,  Clevite  Electronic  Components,  3311 
Perkins  Avenue,  Cleveland  14,  Ohio. 


WAVE  LENGTH  RESPONSE 


Typical  Clevite  multi-channel 
flux-reaponaive  head,  with  .032 
in.  track  and  .070  in.  apacing. 


Clevite  'Brush'  Flux-Responsive  Heads  for  low  speed  or  static  read¬ 
out  of  digital  information  •  reproduction  of  high  frequency  analog 
recording  at  low  tape  speeds  •  extended-period  process  control  • 
reproduction  of  low  frequency  recording  •  measurement  of  low  angu¬ 
lar  or  low  linear  velocities  and  recorded  transients  •  position  control 


CLEVITE 

ELECTRONIC 

COMPONENTS 


DIVISION  OP 


CLEVITE 


MAGNETIC  HEADS 
TRANSDUCERS 
PIEZOELECTRIC  CRYSTALS, 
CERAMICS  AND  ELEMENTS 
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because  it  alone  combines  these  5  advantages: 


In  I  hr  center  of  the  quartz  houainK.  a  germanium  crystal 
is  being  grown.  A  “perfect  crystal  lattice,”  it  will  be  rut 
into  wafers  3/IOths  of  an  inch  square  and  less  than 
l/IOOlh  of  an  inch  thick  to  become  the  heart  of  Deiro 
High  Power  transistors. 


Lower  saturation  resistance  —  Germanium  gives  Delco  High 
Power  transistors  a  typical  saturation  resistance  of  only 
3/lOOths  of  an  ohm.  Xo  other  present  material  offers  this 
characteristic,  which  permits  efficient  high-power  switching 
and  amplification  from  a  12-  or  24-volt  power  supply. 

Higher  current  gain— Gain  with  germanium  is  not  only 
higher  but  is  more  linear  with  current. 

I..ower  distortion— In  many  applications,  distortion  require¬ 
ments  can  be  satisfied  only  with  germanium  transistors. 

Lower  thermal  gradient— As  far  as  deliverable  power  of 
present  devices  is  concerned,  germanium  meets  the  need 
and,  in  addition,  provides  a  thermal  gradient  of  only 
1.2°  C/watt. 

Greater  economy— More  power  per  dollar. 


DELCO  RADIO 

Division  of  General  Motors,  Kokomo,  Indiana 

BRANCH  OFFICE.S 

Newark,  New  Jeraey  Sania  Monk-a.  C'alifornia 

1 1  HO  Kaymond  Boulevard  72C  Sania  Monica  Boulevard 

Tel..  Mitchell  2>Sie5  Tel.:  Kibrook  3-1405 


Examine  Delco  High  Power  germanium  transistora  and  see  how  practical 
it  is  to  go  ahead  with  your  plans  now.  For  high  current  applications  there  is 
no  better  material  than  germanium,  or  Delco  Radio  would  be  using  it. 
All  Delco  High  Power  transistors  are  produced  in  volume;  all  are  normalized 
to  retain  their  fine  p<‘rformance  and  uniformity  regardless  of  age.  Write 
for  engineering  data  and/or  application  assistance. 


GERMANIUM 


DELCO 

HIGH  POWER 
TRANSISTORS 
are  made  from 
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Panel  light  indicates  when  radar  s  ring  time  exceeds  predetermined  standard. 

Other  checks  can  be  obtained  with  frequency  indicator  and  relative  power  meter. 

New  portable  radar  tester 
makes  fast  “go,  no-go”  check 

Tests  al]  radars  aboard  aircraft,  requires  no  training  to  operate 


Here’s  the  fastest  means  yet  developed 
for  testing  aircraft  radar  on  the  flight¬ 
line  or  in  the  field.  It’s  the  new  Sperry 
Microline*  Radar  Performance  Tester 
and  anyone  can  use  it— no  special  train¬ 
ing  is  required. 

Weighing  only  24  pounds  ( 30  for  C- 
band),  this  tester  is  self-powered  (stand¬ 
ard  batteries)  and  is  easily  carried  about. 
It  prevents  costly  delays  by  providing  a 
quick,  over-all  check  of  all  aircraft 


radars  in  only  minutes. 

This  is  the  only  performance  tester 
that  checks  the  alignment  between  trans¬ 
mitter  and  receiver  positively  and  accu¬ 
rately  by  flipping  a  single  switch.  Inter¬ 
changeable  plug-in  echo  box  cavities 
permit  checking  cither  C  or  X-band 
radars. Transistorized  circuits  with  built- 
in  testing  feature  contribute  to  light 
weight  and  reliable  performance. 

If  you’d  like  to  know  more  about  the 


new  .Sperry  Microlinc  Radar  Perform¬ 
ance  Tester,  write  our  Microwave 
Electronics  Division. 

MICROWAVE  ELECTRONICS  DIVISION 


emscopf  coMP/mr 

Great  Neck,  New  York 


D/Y/S/ON  OF  SPERRY  RAND  CORPORATfON 

BffOOKLVN  •  CLtVCLAND  •  NfW  OBLCANS  •  lOB  ANGCLfS 
SAN  FMANCISCO  •  SCATTLC.  IN  CANADAi  SPCKNV  QVNOfCOft 
COMPANY  OF  CANADA,  LIMITED,  MONTAEAL,  QUEBEC. 
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How  to  write  10,000-cycle  data  on  a  pen  recorder 

A  tape  tie-in  banishes  frequency-response  limitations  and  saves  paper 


\Vc  will  cancel  the  laws  of  physics,  throw  out  inertia,  and 
Ix-hold  here  is  a  pen  rec'order  writing  out  10,000  cycles  per 
sec-ond  ready  to  read.  Don’t  scoff.  There  is  a  way.  Assuming 
visual  data  is  really  what  you  want,  keep  your  eye  on  the  oscil¬ 
lograph  or  pt'n  recorder,  and  think  of  tne  tape  recorder  as  an 
ingenious  "frefpiency-response  extender”  or  “data  stretcher,” 

A  SLOW-MOTION  LOOK  AT  TRANSIENTS 
When  an  aircraft  manufacturer  was  having  shock  prob¬ 
lems  from  the  firing  of  an  experimental  plane’s  armament, 
nothing  could  be  seen  in  real-time  data.  P'or  a  better  look, 
sh(K'k  waves  were  recorded  on  tape,  slowed  down,  recopied 
and  then  written  out  in  visual  traces.  A  thousandth  of  a  sec¬ 
ond  was  stretched  out  to  a  full  second.  The  exact  e.xtent  and 
nature  of  the  shock  pattern  and  its  manner  of  transmittal 
through  the  plane’s  structure  Ijecame  clearly  evident  —  and 
with  it  the  design  solution. 

100-T0-1  DATA  STRETCHOUT  (and  more) 
Comparetl  to  any  visual-trace  recorder,  an  Ampex  instru¬ 
mentation  tape  recorder  has  virtually  unlimited  response. 
Fre<|uency  components  as  high  as  10,000  cycles  per  second 
(and  much  more)  are  easily  recorded.  And  tape  has  decided 
advantages  too  at  1000  or  2000  cycles.  A  tape  speed  of  60 
inches  per  st'cond  captures  any  of  these  higher  frequencies 
and  has  tremendous  r(K)m  for  slowdown  on  playback.  Repro¬ 
ducing  the  tape  at  0.6  in/sec.  reduc'es  10,000  cps.  to  a  mere 
100.  Connect  a  direct-writing  recorder  to  the  tape  recorder 
and  100  cycles  response  is  all  that  you  need. 


Actually  Ampex  has  a  wide  range  of  tape  speeds  and  tape 
slowdown  ratios  available.  Tapes  can  be  recopied  once  or 
even  twice  multiplying  these  ratios  accordingly. 

f  TVPICAl.  TAPE  SLOWDOWN  (OR  SPEEDUP)  RATIOS  I 

!  AMPEX  MODEL  1  apaad  I  1  I 


FR-I lOO  multirang*  J 

I  (many  version*  available] 


10.000  to  I  j  1.000,000  to  I 


24  TIMES  AS  MUCH  RECORDING  TIME 

On  .SOOG-cycle  data,  an  ordinary  lOVi  *  reel  of  1-mil  mag¬ 
netic  tape  will  record  24  minutes.  On  a  visual-trace  recorder 
writing  100  cycles  per  inch,  a  250-foot  magazine  of  expen¬ 
sive  paper  would  last  just  one  minute!  When  you  record  data 
first  on  tape,  you  will  seldom  recopy  the  whole  test  onto  pa¬ 
lmer.  With  an  oscilloscope  or  other  scanning  device,  you  find 
the  important  parts  of  the  tape  and  copy  as  little  as  a  few 
seconds  onto  the  visual  medium.  The  tape  can  be  stored  for 
future  reference,  cut  into  loops  for  analysis  or  can  be  erased 
and  reused.  It  saves  hundreds  of  feet  of  paper. 

Because  magnetic-tape  data  is  an  “electrical  analog”,  it  can 
also  he  used  for  automatic  frequency  analysis,  computer  in¬ 
put,  simulation  of  phenomena  and  scanning,  counting  and 
correlating  techniques.  We  have  told  the  whole  magnetic-tape 
story  in  a  well  illustrated  and  diagrammed  16-page  brochure. 
For  your  copy,  write  Dept.  LI 3. 


AM^BX  INSTRUMENTATION  DIVISION  •  93A  CHARTER  STREET  •  REDWOOD  CITY,  CALIFORNIA 

Phone  your  Ampet  date  specialist  for  personal  attention  to  your  recerdinf  needs.  Offices  serve  U.  S.  A.  and  Canada  Engineering  representatives  cover  the  free  world. 
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Teleprinted  Communications ...  on  the  double! 


The  Kleinschmidt  teletypewriter  set  sends  teleprinted  messages 
from  tape  at  speeds  up  to  100  words  per  minute. 

AT  THE  SAME  TIME,  on  the  same  unit,  the  operator  perforates  and 
prints  other  messages  for  transmission. 


Day  after  day,  Kleinschmidt  teletypewriters  and 
related  equipment  at  U.  S.  Army  Communication 
Centers  receive  and  transmit  thousands  of 
teleprinted  messages.  This  tremendous  communi¬ 
cations  traffic,  accelerated  by  multiple-function 
Kleinschmidt  equipment,  developed  in  cooperation 
with  the  U.  S.  Army  Signal  Corps,  flows  smoothly 
and  precisely.  Both  sender  and  recipient  receive 


a  teleprinted  original,  identical  in  every  respect. 

Since  the  century  began,  the  Kleinschmidt 
name  has  been  associated  with  every  major  devel¬ 
opment  in  teleprinted  communications.  Now  a 
member  of  the  Smith-Corona  family,  Kleinschmidt 
looks  ahead  to  new  attainments  in  broadening 
the  field  of  electronic  communications  for  busi¬ 
ness  and  industry. 


(DKIEINSCHMIDT 

KLEINSCHMIDT  LABORATORIES.  INC.,  DEERFIELD.  ILLINOIS 

Pioneer  in  teleprinted  communications  equipment  •  A  subsidiary  of  Smith-Corona  Inc 
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to  the.  product . . . 


from  the  idea  . . 


...and  everywhere  in  between  -  we*ll  serve  you  well 


We  have  the  experience  and  resources  to  take  an  idea— 
yours,  ours  or  a  combination  of  both— and  to  build 
that  idea  into  a  complete  weapons,  guidance  and  control, 
or  inertial  system.  Bridging  this  gap  effectively  and 
within  budget  and  time  limitations  is  our  business— has 
been  for  18  years.  Perhaps  we  have  the  very  research, 
engineering  and  manufacturing  talents  you’re  looking 


for.  We’d  like  to  tell  you  more  about  them — and  about 
how  the  military  and  industry*  use  them  in  projects  which 
require  creative  thinking  and  painstaking  accuracy. 


WRITS:  MECHANICAL  DIVISION  of  GENERAL  MILLS 
Dept.  EL-5,  1620  Central  Ave.  N.  E. 

Minneapolis  13,  Minnesota 
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Now  you  can  aim  your  career  in  a 
new  direction  .  .  .  with  a  long-range 
future.  For  AC  offers  experience 
gyroscope  engineers  the  opportunity 
to  work  in  design  and  development 
of  gyros  for  some  of  the  most  ad¬ 
vanced  and  far-reaching  projects  in 
America’s  defense  and  industry. 

At  AC  you  can  work  on  floated  gyro- 
scop>es  for  inertial  guidance  systems 
.  .  .  inertial  navigation  systems  .  .  . 


combination  navigation  and  auto¬ 
matic  pilot  systems.  You  can  ctow 
with  a  company  that’s  already  a 
leader  in  the  production  of  highest 
quality  p^roscopes  and  other  el^ro- 
mechanical  devices. 

'This  is  worth  thinking  about:  an  AC 
future  in  which  you  can  apply  your 
talents  to  the  fullest  ...  on  long- 
range  projects  of  great  importance 
...  in  an  atmosphere  of  personal 


security  and  progress. 

If  you  are  a  graduate  engineer  with 
three  to  six  years’  experience  in 
floated  gyroscope  design  and  devel¬ 
opment  ...  or  in  the  field  of  precision 
instruments  . . .  you  should  talk  with 
the  j)eople  at  AC-Milwaukee.  Just 
write  Mr.  Cecil  Sundeen,  Supervisor 
of  Technical  Employment,  Dept.  A, 
1925  E.  Kenilworth  Place,  Milwau¬ 
kee  1,  Wisconsin. 


SPARK  PLUG  THE  ELECTRONICS  DIVISION  OF  GENERAL  MOTORS 


Producers  of:  AChiever  Inertial  Guidance  Systems  •  Afterburner  Fuel  Controls  •  Bombing  Navigational  Computers 
Gun-Bomb-Rocket  Sights  •  Gyro-Accelerometers  •  Gyroscopes  •  Speed  Sensitive  Switches  •  Speed  Sensors  •  Torquemeters 
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12  i  WATT 

MINIATURE 

RHEOSTAT 


ACTUAL  SIZE 
Model  “E" 

Only  Diameter 
Weight:  0.52  Ounce 


High  power  handling  capability  for  small  size 

Newest  addition  to  the  Ohmite  line  of  vitreous^nameled 
rheostats  is  the  new  Model  “E”  miniature  12V4-watt 
rheostat.  This  new  unit  is  smaller  than  many  one-  or  two- 
watt  potentiometers.  It  provides  time-tested  Ohmite  all¬ 
ceramic  and  metal  design  features  for  uses  where  as  much 
as  12VS-watt  dissipation  is  required  and  space  is  extremely 
limited.  Built  to  operate  at  a  maximum  hot  spot  temperature 
rise  of  300*  C  at  an  ambient  of  40*  C,  Model  “E”  is  also 
useful  for  operation  at  high  military  ambients,  derated 
Tinearly  to  zero  at  340*  C,  attained.  Rugged,  lasting,  power 
rheostat  performance  is  thus  available  in  such  small  size 
that  new  possibilities  in  miniaturization  and  dependability 
are  afforded  the  apparatus  designer. 

Like  the  larger  Ohmite  rheostats.  Model  “E”  has  a  ceramic 
base,  and  ring-shaped  ceramic  core.  Vitreous  enamel  holds 
the  turns  of  wire  against  shifting,  and  fastens  the  base  and 
core  together.  Also,  the  Model  *‘E’*  has  a  ceramic  hub 
insulating  the  shaft;  a  metal-j^aphite  contact;  folded  spring 
arm;  independent  compression  spring;  slip-ring;  a  stop 
dire^y  connected  to  tiK  shaft.  Tlte  entire  assembly  is  a 
miniaturized,  dependable  version  of  the  time-proven 
Ohmite  power  rh^tat  design.  Mounting  is  by  a  14' — 32 
threaded  bushing.  The  shaft  is  V4*  in  diameter.  Resistance 
range:  up  to  5,000  ohms  with  23  stock  values;  higher 
values  available  with  ohmicone  inorganic  coating.  Re¬ 
sistance  tolerance:  ±  10%. Torque:  0.1  to  0.2  pound-inch. 
A  small  finger-grip  knob,  in  keeping  with  the  rheostat  di¬ 
mensions,  is  available. 


BUSHING 
1/4-32  TMa  - 
WITH  1/16“ 

thkk  hex. 

NUT 


DRXL  1/8  HOLE 
IN  PANEL 


Special  length  shafts  and  bushings,  screwdriver  shafts,  lock¬ 
ing  type  bushing,  tandem  mountings,  enclosures,  etc.,  sim¬ 
ilar  to  the  variations  available  on  the  larger  rheostat,  can 
be  provided  upon  specific  request. 


3/64X3/32  HOLE 


MODEL  E 


INDUSTRY'S  MOST  COMPLETE 
^^sa^LINE  OF  RHEOSTATS 


All  sizes  available  from  stock  in  a  wide  range  of 
resistance  values,  including  the  NEW  Model  “E.” 
Ten  sizes  are  available  to  meet  M1L-R-22A  require¬ 
ments  in  each  of  the  26  type  designations. 


RHEOSTATS  RESISTORS  RELAYS 
TAP  SWITCHES  TANTALUM  CAPACITORS 
R.  F.  CHOKES  VARIABLE  TRANSFORMERS 


QUALITY 

Components 
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How  Magnets  Help  Solve 
Your  Measurement  Problems 

This  is  a  review  of  how  magnets,  magnetic  devices 
and  magnetic  phenomena  can  be  used  to  solve 
r«rtain  measurement  problems,  to  improve  pro¬ 
duction  efficiency  and  to  cut  manufacturing  costs. 


Highly  accurate  and  efficient  measure¬ 
ment  is  an  essential  part  of  modern 
manufacturing.  Today’s  mass  produc¬ 
tion  techniques  require  speedy  analysis 
of  conditions  and  dimensions  of  parts 
and  materials.  Literally  hundreds  of 
measurement  problems  are  being  solved 
effectively  with  instruments  and  devices 
that  employ  magnets. 

ELECTRICAL 

MEASUREMENTS 

Most  common  of  the  uses  of  magnets  in 
measurement  is  in  electricity — in  such 
devices  as  ammeters,  voltmeters,  volt¬ 
age  protectors,  KVA  meters,  power 
factor  meters,  arc-back  indicators,  limit 
and  flow  switches,  frequency  meters, 
galvanometers  and  oscillographs.  In  the 
ammeter  there  is  either  a  stationary 
coil  and  a  magnet  that  rotates  when  a 
current  is  passed  through  the  coil,  or 
a  stationary  magnet  and  a  moving  coil. 
The  voltmeter  is  similar,  with  a  high 
resistance  in  series  wkh  the  coil. 

Also  similar  is  the  galvanometer,  but 
it  is  much  more  delicate  and  sensitive. 
An  oscillograph  is  a  special  form  of 
moving-coil  galvanometer.  Potentiom¬ 
eters,  which  measure  small  electromo¬ 
tive  forces,  consist  of  a  circuit  of  resist¬ 
ances  and  a  galvanometer.  Frequency 
meters  depend  on  the  effect  of  the 
currents  in  two  shunt  circuits  on  a 
moving  coil.  One  circuit  contains  in¬ 
ductance  and  the  other  capacitance. 

Magnets  in  galvanometers  and  oscil¬ 
lographs  combine  with  electromagnetic 
waves  and  electrons  to  provide  integra¬ 
ted  and  recorded  measurements,  often 
remote  from  the  locations  of  the  meas¬ 
urements. 

LINEAR  MEASUREMENTS 

Even  the  most  simple  linear  measure¬ 
ments  are  assisted  by  magnets  —  by 
magnetic  bases  on  height  gauges,  indi¬ 
cators,  dials,  roundness  gauges,  carpen¬ 
ter  levels  and  magnetic  plumb-bob.  The 
thickness  of  a  non-magnetic  coating  on 
iron  can  be  determined  by  measuring 
the  gap  between  the  magnet  in  a  tester 
and  the  iron  object. 

Radar  sends  out  a  high-frequency 
electromagnetic  wave  which  is  reflected 
back  from  the  target  to  a  receiving 
antenna.  Speed  of  the  wave  is  known, 
so  that  distance  can  be  determined  by 
measuring  the  time  between  emission 
and  reception  of  the  wave.  The  heart 
of  this  instrument  is  the  magnetron 
vacuum  tube,  which  depends  on  a 
high-intensity,  uniform,  permanent 
magnet  held.  Sonar  is  similar  to  radar 
except  that  its  energy  is  in  ultrasonic 
waves  of  10  to  40  kilocycles. 

Distance  is  also  measured  by  proxim¬ 
ity  fuses  and  switches.  The  fuse  de¬ 
pends  on  a  permanent  magnet  genera¬ 
tor  for  energy.  It  sends  out  a  signal 
which  is  reflected  by  the  target  to 
actuate  a  firing  mechanism;  thus,  a 
direct  hit  is  not  necessary.  In  the  switch. 


a  magnet  is  attracted  to  any  iron  or 
steel  that  comes  near,  closing  the  switch. 

Direction  can  be  measured  by  the 
aircraft  direction  indicator,  the  compass 
and  the  remote- reading  compass  trans¬ 
mitter.  All  these  devices  depend  on 
magnets. 

AREA  MEASUREMENTS 

Applications  of  magnets  in  land  meas¬ 
ure  are  numerous.  We  have  magnetic 
maps,  charts  and  markers,  and  vast 
areas  are  surveyed  and  measured  by 
radar  and  sonar. 

In  the  future  it  is  likely  that  televi¬ 
sion,  which  uses  magnets  for  focusing, 
ion  traps  and  loudspeakers,  will  be  us^ 
to  measure  areas. 

VOLUME 

MEASUREMENTS 

Liquid-level  indicators  and  float 
switches  often  transmit  the  motion  of 
a  float  to  the  indicating  mechanism  by 
magnetic  attraction.  In  flow  meters, 
volume  of  liquids  and  gases  may  be 
measured  through  a  seal  by  such  de¬ 
vices  as  a  permanent  magnet  rotor 
turning  in  a  venturi,  a  rotor  in  a  liouid 
cutting  flux  lines  of  a  magnet,  molten 
metal  flowing  through  a  pipe  and  cut¬ 
ting  magnetic  flux,  a  magnetic  clutch 
between  a  float  and  a  recording  mech¬ 
anism. 

TIME  MEASUREMENTS 

Permanent  magnets  are  contributing 
much  toward  accuracy  and  ruggedness 
in  actuators,  clutches  and  brakes  in 
clocks,  timers,  timing  motors  and  traffic 
signals. 

TEMPERATURE 

MEASUREMENTS 

Magnets  are  used  extensively  in  pyrom¬ 
eters,  which  are  thermocouples  con¬ 
nect^  to  galvanometers  calibrated  in 
degrees.  The  optical  thermometer  em¬ 
ploys  a  magnetic  ammeter  and  in  other 
thermometers  magnets  indicate  the 
maximum  or  minimum  temperature  in 
a  period.  In  many  thermostats,  magnets 
accelerate  the  contacts  to  increase 
accuracy  and  life. 

SPEED  MEASUREMENTS 

Two  of  our  best  known  modem  instru¬ 
ments  are  the  speedometer,  based  on 


eddy  currents  generated  by  a  rotating 
magnet,  and  the  tachometer,  which  is 
simply  a  permanent  magnet  generator. 
Magnetic  couplings  are  used  to  connect 
tachometers  to  such  machines  as  high- 
pressure  turbines  and  other  sealed 
equipment. 


NEW  MEASUREMENT 
INSTRUMENTS 

There  are  possibilities  for  the 
development  of  new  measuring 
instruments,  based  upon  the  fol¬ 
lowing  magnetic  phenomena: 

1  Magnetostriction  effects,  such 
as  the  change  in  length  and  vol¬ 
ume  of  a  rod  when  magnetized; 
the  bending  of  a  magnetized  rod; 
the  twist  in  a  rod  in  a  magnetic 
field;  the  change  in  magnetic  in¬ 
duction  of  a  rod  under  stress  in  a 
magnetic  field. 

2  The  production  of  character¬ 
istic  sounds  and  vibrations  of 
bodies  in  a  magnetic  field;  changes 
in  period  and  frequency  of  vibrat¬ 
ing  bodies  in  a  magnetic  field. 

3  Changes  in  apparent  resist¬ 
ance  of  conductors  introduced 
into  a  magnetic  leld. 

4  Changes  in  thermal  conduc¬ 
tivity  of  metals  when  exposed  to  a 
magnetic  field;  changes  in  perme¬ 
ability  of  magnetic  materials; 
changes  in  boiling  points  and  spe¬ 
cific  heats  of  some  substances  in  a 
magnetic  field. 

5  The  plane  of  polarization  of 
light  can  be  rotated  by  a  magnetic 
field;  double  refraction  of  light 
has  been  observed  in  several  me¬ 
diums  subjected  to  a  magnetic 
field;  similar  effects  occur  with 
electromagnetic  waves. 

S  Transformations  that  occur 
in  pure  metals  and  alloys  are 
affected  by  magnetic  fields. 


The  foregoing  discussion  is  condensed 
from  ah  article  which  appears  in  "Ap¬ 
plied  Magnetics,”  Vol.  2,  No.  4.  Write 
for  your  free  copy.  If  you  would  like 
to  explore  any  of  the  possibilities  dis¬ 
cussed  in  the  article,  Indiana’s  engi¬ 
neering  staff  will  be  glad  to  offer  rec¬ 
ommendations  and  consultation. 

NEW  CATALOG 
AVAILABLE 

Send  for  your  free  copy  of  the  new 
“Cast  and  Sintered  Alnico  Magnet 
Catalog  No.  19,”  which  describes  and 
lists  typical  sizes  and  shapes  of  these 
two  most  popular  types  of  magnetic 
materials  for  experimental  use.  Also 
shown  are  permanent  and  electro-mag- 
netizers  and  demagnetizers.  Address 
Dept.  A-6.  ^9 


THE  INDIANA  STEEL  PRODUCTS  COMPANY 

VALPARAISO.  INDIANA 

WORLD’S  URGES!  MANUFACTURER 

OF  PERMANENT  MAGNETS 

IN  CANADA:  Th«  Indigno  StggI  Prodwcti  Company  of  Conoda  limitod,  KitcHonof^  Ontorio 
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JANUS; 

protector  of 
doors  to  heaven 


¥mperature.  Pressure,  Moisture,  Dust 


1500  SERIES  PRESSURIZATION  UNIT 


INDUSTRIES,  INC. 

100  Skiff  St.  Hamden  14,  Conn. 


W.ft  Cm*#  OSk.:  t40S  CmNii.1.  Av.im»«  ~  Imglmw—ei  i,  Cmitimrmlm  —  ffc...  OB.f  t-39it 


REFRIGERATION  COOLING  UNIT 


Expanding  aircraft  performance  creates  new  problems  in  protect¬ 
ing  electronic  equipment  under  extreme  altitude  and  ambient 
conditions.  Eastern’s  long  experience  in  the  field  help>s  you  to 
recommend  electronic  gear  with  confidence  that  performance  will 
be  reliable  at  temperatures  from  —  55°C  to  -|-55®C;  from  zero  to 
over  70,000  feet. 

Cooling  Units,  with  or  without  refrigeration  cycles,  provide  safe 
operating  temperature  limits  in  electronic  equipment.  Pressuriza¬ 
tion  Units  that  meet  government  specifications  maintain  proper 
operating  pressures  at  various  altitudes,  and  utilize  dehydrators 
that  remove  moisture  and  dust  from  ambient  air.  A  program 
of  research  and  development  continually  expands  perform¬ 
ance  ranges  to  provide  customized  units  to  meet  your  needs. 

When  your  problem  is  to  make  your  electronic  equipment 
perform  efficiently  under  tough  conditions,  meet  the  challenge 
by  asking  Eastern  for  complete  and  creative  engineering  help. 


Write  for  Eastern 
A  V  ION  ICS  BULLETIN  340 
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different  basic  insulations 


different  insulation  constructions 


different  types  and  sizes 

(in  round,  square  and  rectangular  fabric  and  film  coated  magnet  wires) 


Add  them  up!  EXTRA  care  in  drawing  and  annealing — EXTRA  care  in  insulatiiij 
techniques!  EXTRA  rigorous '‘in-|)rocess”  testing  of  wire  from  every  machine 
each  day  plus  100%  final  inspection!  EXTRA  quick  identification  of  size  and  type 
on  easy-to-read,  color  coded  labels  . . .  and  EXTRA  attention  to  packaging 
(spool,  reel,  and  Magna-Pak*)  at  each  of  the  four  plants. 


MAGNET  WIRE  DIVISION,  Essex  Wire  Corp.,  Fort  Wayne  6,  Indiana 


Manufocturing  Plantt:  Birmingham,  Alabama;  Anaheim,  California;  fort  Woyno,  Indiana;  Hilltdale,  Michigan 


NATIONAL  NETWORK  OF  WAREHOUSES  AND  SALES  OFFICES...  CALL  YOUR  LOCAL  “ESSEX  MAN' 


CIRCLE  43  READERS  SERVICE  CARO 


CIRCLE  42  READERS  SERVICE  CARD 


GENERALii  ELECTRIC 


TUBE  DESIGN  HEWS 


'CT' 


rROM  THI  RECflVINC  TUIE  DEPARTMENT  Of  GENERAL  ELECTRIC  COMPANY 


n 


General  Electric  Low-Noise  7025  AF-Amplifier  Tube 
Major  Step  Toward  Improved  Hi-Fi  Reproduction! 


^  oil  can  l»  roiii|>ariM>M  liic  ;:rrally  miiiccil  iioim-  oiil|inl  of  the  iicm  (o-iicral  l.lcclric 
aiii|>lllicr  IiiIm-.  \  Kindle,  iilcnlical  lap  Ha«  applicil  cxicriially  lo  a  I2\\7  anil  lo  a 
Iiolli  rc|irci‘iilali\c  IiiIm-)  from  riirn-iil  |iriMliirlioii.  \crlical  iiica'iirciiiciil  h  plate  \oll> 
a|:c  .  .  .  Iiori/onlal  iiica»iirciiiciil  in  lime.  I  !oiiililioii)>:  l'.|,:  2.><l  Kj;  10  k,  1.^:  —2. .a  v. 


Military  Equipment  Builder  Finds  G-E  7077  Ceramic 
Triodes  Have  Mean  Noise  Figure  Below  5  db! 


I  -iiif;  a  liij!li-|>rrloriiiani  i*  tr«l  circiiil  ' 
III  aiKamcil  ll••■•if:n.  llic  n*M*arch 
lalioratnrx  ol  a  larp*  niaiiufai  turcr  ol 
militarv  •■i|ui|inii‘iit  lia>  touml  that  a 
-aniiilr  hit  nf  (i-K  7077  It F'-aiii|ililirr  ' 

I'lTaiiiic  trioilcs  >hiivx  the  nieaii  tini'e  j 
li^iire  III  l.f>  ilh  at  U>  ilh  gain.  I'iiIh^ 
were  ii|MTatcil  at  nn-^ac\rh>. 

I  he  new  7077  is  rateil  at  ilh 
niii>e  at  I  t..")  ilh  fiaiii,  l.”>0  mef;ae\ele>  j 
miller  |iiiwer-inateheil  einnlitiiin-. 
rherelnre.  the  test  |ierriirtnanee 
iiinlerseiires  the  tiilM-'s  -iiitahilitx  lor 
militarv  ii-e.  where  low  imise  ami 
hit'll  gain  are  vital.  i 

Intemleil  |iriinarilv  fur  einnmuiii- 


eatiiins.  raiiar.  ami  navigation  ei|iii|i-  | 
ment,  the  new  7077  is  a  high-nui  j 
triiiile  of  planar  eonstruetion.  Mtitmie 
rating  is  lOO.(KM)  leet.  It  is  eeiimnni- 
eal  in  price,  ile|iemlalile.  ami  ruggeil.  ^ 
(leramie  eonstriietion  gives  the 
7077  exeeptional  heat  resistance.  T  he 
tniM'  is  expecteil  to  Im‘  useiul  up  to 
.TIK)  (1.  It  is  ilesigneil  lor  optiinuin 
mounting  in  groumleil-griil  ITIF'  am- 
plilier  circuits.  Si/e  is  extremelv  small 
less  than  '  '  inch  long  ami  wiTe. 
Hnlers  are  Iwing  aecepteil  now  lor 
ilelixerx  this  \ear.  .S-e  page  that  fol¬ 
lows  lor  average  eharaeleristics  ami 
typical-operation  liata. 


\Ioilern  souml-reproiluction  tech¬ 
niques  [Mit  a  premium  on  low  hack- 
grouml  tioi-e.  T  he  richne—  ol  toilay’s 
high-lulelitv  lone  calls  lor  circuitry 
ami  luix's  that  reduce  hum.  micro¬ 
phonies.  ami  other  nois.e  to  a  level 
approaching  silence. 

General  Klectric.  long  a  pioneer  in 
audio  research — originator  of  the 
famous  varialile-reluctanee  cartridge 
and  other  basic  aids  to  sound  repro¬ 
duction — now  as'ists  circuit  design¬ 
ers  with  an  outstanding  low-noise 
atiqiliiier  IuIm-.  the  7<l2.v.  This  new 
twin  Iriode  promotes  hum-free,  noi-e- 
free  reproduction  of  both  di-k  and 
tape  sound  rt'eording-. 

In  e(|uipment  now  iM-ing  de-igned 
or  in  production,  the  7<(2.>  will  direct¬ 
ly  re|»lace  T'vpi-  I2\\7. 

New  Snubber  Mica  Holds  Cathode  Tight. 
Special  Low-Hum  Heater  Employed. 

T  he  new  702.V  leatures  a  sjiring  siiuh- 
Imt  mica  applied  to  the  top  of  the 
cathode,  which  exerts  a  damping 
elfect  on  any  movement  of  the  cath¬ 
ode  cau-ed  hv  shock  or  vibration. 
T  his  cuts  microphonics  suhstantiallv . 

Mso.  a  nt'w  lulw  healer  ol  special 
design  reduces  hum  by  virtuallv  elimi¬ 
nating  heater  magnetic  inlluences  on 
plate  current  and  conseipient  hum  in 
the  plate  circuit. 

High-precision  (M-neral  FTeclric 
manufacture  has  Iwen  called  on  to 
achieve  extremelv  close  lits  of  all  IuIm- 
parts — a  third,  inqiortant  factor  in 
lov^ -noise  perlormance. 

For  best  amlio.  apply  the  new  (Gen¬ 
eral  F.lectrie  71)2.1  \F’-am|>lilier  tube! 
Gomplett'  informatioti  about  this  low- 
noise  twin  Iriode  is  availabh-  from 
any  (i-K  Heceiving  T  ube  ollice  listed 
on  the  tollov^ing  page. 


■ 


Tear  off  and  keep  this  sheet  for  reference.  It  contains  useful  tube-application  data, 

GENERAL  ELECTRIC  7077  RF-AMPLIFIER  CERAMIC  TRIODE 


AVERAGE  CHARACTERISTICS 

Plate  Supply  Voltage .  250  Volts 

Resistor  in  plate  circuit  (by-passed) . . .  18000  Ohms 

Cathode-Bias  Resistor .  82  Ohms 

Amplification  Factor .  80 

Plate  Resistance,  approximate .  8900  Ohms 

Transconductance .  9000  Micromhos 

Plate  Current . .  6.4  Milliamperes 

Grid  Voltage,  approximate 

Gni  =  50  Micromhos .  —5  Volts 

TYPICAL  OPERATION 

GROUNDED-GRID  AMPLIFIER— 450  MEGACYCLES 

Plate  Supply  VoltageJ .  250  Volts 

Resistor  in  plate  circuit  (by-passed)t .  18000  Ohms 

Cathode-Bias  Resistor .  82  Ohms 

Plate  Current .  6.4  Milliamperes 

Bandwidth,  approximate  .  . .  7  Megacycles 

Power  Gain,  approximate  .  .  14.5  Decibels 

Noise  Figure  (Measured  with  power-matched  input,  using  argon  lamp  noise  source),  approximate  5.5  Decibels 


t 


Lower  supply  voltage  and  a  lower  value  of  resistor  may  be  used  in  the  plate  circuit  with  some  sacrifice  in  uniformity  of 
performance. 

TYPICAL  GROUNDED-GRID  AMPLIFIER  CIRCUIT  USING  THE  7077 


6.3V  +250 


Disclosure  of  the  foregoing  examples  of  the  tube  applications  does  not  convey  to  purchasers  of  tubes  any  patent  license, 
nor  is  it  to  be  construed  as  recommending  the  use  of  such  tubes  in  the  infringement  of  patent  claims. 


For  further  information,  phone  nearest  office  of  the  G-E  Receiving  Tube  Department  below: 


EASTERN  REGION 


CENTRAL  REGION 


WESTERN  REGION 


200  Main  Avenue,  Clifton,  New  Jeriey 
Phones:  (Clifton)  GRegory  3-6387 
(N.Y.C.)  Wisconsin  7-4065,  6,  7,  8 


3800  North  Milwaukee  Avenue 
Chicago  41,  Illinois 
Phone:  SPring  7-1600 


11840  West  Olympic  Boulevard 
Los  Angeles  64,  California 
Phones.  GRanite  9-7765;  BRodshow  2-8566 


Progress  Is  Our  Most  Important  Product 

GENERAL®  ELECTRIC 


12-1 1-102 


GRANT’S  mimm  thinslide 


Yes,  you  asked  for  it.  Design  engineers  throughout  the  nation  asked  for  it ...  a  con¬ 
tinuous  ball  bearing  action  slide  to  fit  standard  cabinets,  without  cabinet  modification! 

THE  MARK  II  THINSLIDE.  Of  extruded  aluminum,  only  V2”  in  overall  width  . . . 
whose  inner  and  intermediate  members  pass  smoothly  through  the  space  between 
sliding  unit  and  standard  rack.  With  stainless  steel  balls,  accurately  fitted  to  mem¬ 
bers,  the  Mark  II  is  quietly,  quickly  extended  fully  from  rack  .  . .  exposing  all  parts 
immediately  and  with  almost  no  effort! 

WRITE  NOW  FOR  COMPLETE  DATA  ON  THE  MARK  n  THINSLIDE ...  the  slide  that  you’ve  been  waiting  for! 

IF  TMC  QUESTION  IS  ACCESSIBILITY. . .  THE  ANSWER  IS  GRANT. 


PULLEY  &  HARDWARE  CORPORATION 

23  High  Street,  West  Nyeck,  New  York  •  944  Long  Beach  Avenue,  Los  Angeles  21,  California 
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The  MARK  II  offers  tilt  and  locking  devices  as 
well  . .  .  your  unit  can  be  pivoted  to  plus  45 
and  90  degree  positions  for  greatest  accessi¬ 
bility.  And  you'll  be  amaied  at  the  moderate 
cost  of  the  Mark  II  . . .  how  quickly  it  will  pay 
for  itself  by  allowing  your  equipment  to  be 
serviced  and  maintained  in  jig-time  instead  at 
down-time! 

SEE  THE  MARK  II,  BOOTH  ABO, 

DESI6N  ENfilNEERINO  SHOW 
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“Industrial  lighting,”  states  Garlan  Morse,  General  Sales  Manager 
of  Sylvania’s  Lighting  Division,  “forms  an  important  segment  of 
our  potential  market.  To  insure  reaching  all  the  buying  influences 
in  this  n'arket,  we  choose  business  magazines  that  are  read  by 
purchasing  agents,  plant  engineers,  electrical  contractors  and  plant 
managen  ent.  At  Sylvania,  we  recognize  such  business  media  for 
its  siippt^rt  to  o'ir  field  sales  activities.” 


IF  WHAT  YOU  MAKE  OR  SELL  is  bought  by  business  and 
industry,  you  can  “mechanize”  your  selling  by  concentrating  your 
advertising  in  one  or  more  McGraw-Hill  publications  serving  your 
markets.  “Mechanized  selling”  will  help  create  interest  and  pref¬ 
erence  for  your  products  .  .  .  give  your  .salesmen  more  time  to  make 
specific  proposals  and  close  sales. 


McGraw-Hill  Publishing  Company,  Incorporated 
330  West  42nd  Street,  New  York  36,  N.  Y. 


KEEP 

CUSTOMERS 
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CREATE 
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MORE  ADVERTISING  HERE  MEANS 
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Timers 


TIMERS. ..SPECIAL  DELIVERY 


AFFILIATE-LINE  ELECTRIC  COMPANY 


Speed  up  your 
automatic 

projects - 
liy  our 

timing  application 
experience 


Standard  or 
special - 
Industrial  Timer 
makes 

rapid  deliveries 
on  all  models 


No  need  to  let  timing  problems 
delay  you  in  your  automatic 
control  projects  uhen  you  can 
place  them  with  us  and  get 
faster  solutions.  F.ven  though 
no  two  automatic  control  jobs 
arc  ever  exactly  alike,  and  even 
though  the  timer  requirements 
of  each  are  very  different  we 
have  established  an  excellent 
record  in  helping  out  in  these 
situations. 


20  years  of  experience  in  an¬ 
alyzing  complex  timer  applica¬ 
tions  has  provided  us  with  the 
special  knowledge  required  to 
give  our  customers  the  right  an¬ 
swer  in  near-record  time. 

Our  large  stock  of  standard 
and  combination  timers  enables 
us  very  often  to  fill  orders  for 
these  requirements  without  any 
time  loss  because  we  have  al¬ 
ready  developed  so  many  new 
combinations  specifically  for 
automatic  control  functions. 

F.xtra  special  automatic  con¬ 
trol  timer  —  this  calls  for 
original  designing.  Our  engi¬ 
neers  will  go  right  to  work  and 
get  the  job  done.  T  hat's  the  way 
we  grow  and  we  like  it. 

Whatever  your  control  prob¬ 
lem,  you  have  everything  to 
gain  by  submitting  it  to  our 
timer  specialists.  They'll  come 
up  with  the  answer  —  almost 
with  the  speed  of  automatic 
control  itself. 


From  these  we  have  already 
developed  20  basic  types  which 
can  be  combined  in  endless 
number  of  ways  ...  to  date, 
our  engineers  have  combined 
them  into  over  1000  different 
models.  So  what  might  seem  to 
be  a  special  timer  requirement 
to  you,  will  very  often  be  a 
standard  timer  in  our  large 
stock,  and  that  is  the  reason  we 
have  the  ability  to  fill  special 
orders  so  quickly.  And  as  far 
as  standard  timers  are  con¬ 
cerned  we  can  give  overnight 
service  if  necessary. 

So,  for  the  utmost  in  all¬ 
round  service  depend  on  us  for 
this  outstanding  combination: 
dcliveriesJTmmediate  on  Stan¬ 
dards  .  .  .  First  on  Specials”. 


^-NO  3 

O  !  ' 


Sometimes  you  need  a  standard 
model  timer . . .  other  times  you 
need  a  special.  Either  way  we 
can  give  you  the  extra  rapid 
service  you  may  need  because 
of  the  efficient  way  we  design, 
manufacture  and  stock  timers 
for  industrial  applications. 


To  meet  all  of  the  widely 
varying  needs  of  our  customers 
we  manufacture  a  complete  line 
of  timers  in  the  four  broad  clas¬ 
sifications  illustrated  here: 


1.  TIME  DELAY  TIMERS 

2.  INTERVAL  TIMERS 

3.  RE-CYCLING  TIMERS 

4.  RUNNING  TIME  METERS 


Timers  that  Control 
the  Pulse  Beat  of  InJustr^ 


INDUSTRIAL  TIMER  CORPORATION 

1409  MlOmrCII  HIGHWAY,  NIWARK  4,  N.  1. 
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M  A  new  link  in  America’s  communications  for 
JB  defense  is  the  Pacific  radio  circuit  under 

construction  for  the  II.  S.  Army  Signal  Corps. 

One  type  of  propagation  utilized  for  this  important 
system  will  be  tropo  scatter.  The  choice  was 
quite  naturally  RE  L  radio  equipment  driver  exciters, 
klystron  amplifiers,  and  diversity  combiner  receivers. 

REL’s  acknowledged  world  leadership  in  tropo  scatter 
reflects  the  unequalled  performance  and  reliability 
V  of  REL  equipment.  More  kilowatt  miles  of  tropo  apparatus 
»  have  been  developed  and  manufactured  by  REL 
f  than  by  all  other  companies  conihim'cf. 

All  your  specialized  communications  problems  deserve  the 
imagination  and  experience  of  REL. 


Radio  Engineering  Laboratoriesdne 

29-01  Borden  Ave  *  Long  Island  City  1,  NY 

STillwell  6-2 1 00  •  Teletype:  NY  4-2816 

Conadton  r«pret«ntoliv«  AHEASN  &  SOPER  CO  •  384  BANK  ST  •  OTTAWA 
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Diode  Manufacturer  uses 
Electro  Instruments  X-Y  Recorders 
to  plot  Zener  diode 
characteristics 


INCLUDES  PLOT  WITH  EACH  DIODE 

International  Rectifier  Corporation,  manufacturers  of  Zener  diodes, 
plots  the  reverse  breakdown  characteristics  of  each  diode.  These  plots 
accompany  the  diode  to  the  customer  and  provide  an  immediately 
useful  graphic  description  of  the  individual  unit's  transfer  character¬ 
istics.  As  shown  below,  the  plots  are  made  with  an  Electro  Instruments 
Model  100  X-Y  Recorder. 

These  proven  recorders  fulfill  the  most  demanding  operational  and 
performance  requirements.  They  possess  such  advanced  design  features 
as  transformer-isolated  servo-controlled  cable  drives  to  eliminate  back¬ 
lash,  an  internal  vacuum  hold-down  and  carriage  slewing  mechanism 
for  easy  paper  insertion,  and  a  positive  paper  indexing  provision  for 
measurement  repeatability.  Operating  controls  are  kept  to  a  minimum 
and  are  logically  grouped  for  maximum  operator  convenience. 


the  complete  line 
""of  X-Y  Recorders 
aind  Data  Reduction 
‘  Accessories 


The  Model  200  (Computer  Output),  the 
Model  215  (Potentiometric  Input),  Model 
225  (General  Purpose  Plotter)  are  larger 
(11'  X  17')  machines.  The  basic  precision 
recording  capability  of  these  machines  la 
readily  expanded  to  cover  more  complex 
Input/output  data  reduction  tasks.  For 
this  purpose  E-l  offers  a  series  of  auxil¬ 
iary  equipments— Integral  Curve  Follower, 
Model  275  Medium  Speed  Digital  to  Ana¬ 
log  Converter,  the  Model  2S0-A  Symbol 
Generator  and  the  Model  260  Time  Base 
Generator. 


All  E  .1 X  Y  Recorder! 
can  be  reck  mounted 


Model  100  Specifications 

Aim;  Independent  X  end  V  iioleted  eiee. 

Accuracy:  lull  tcele. 

Scetee:  id  rangM,  both  aies,  from  0.5 
m,  /inch  to  50  volte  /inch,  mv  /inch  0.5. 
1.  2.5.  to.  25,  50,  too,  250  end  500. 
volte /inch:  1,  2.5,  5.  10,  25  and  50. 

Input  RealalanceiO.5  mv/inch.  eeeentlallv 
infinite  at  balance  vnth  low  reeietance 
vource;  1.0  mv  thru  500  mv/Inch,  200 
kllohm/volt;  1.0  volt  thru  50  volte/inch, 

2  meeohms. 

Zero:  Full  ecale  lero  control  with  one  full- 
scale  length  <ero  ofleel  provided  by 
10-tum  pote. 

Referencei  Internal  mercury  battr  ry. 

Paper  Sue:  8.1 /Z*  1 11*. 

Slewing  Speed:  Pen  13*  eec.i  carnage 
I0*eec. 

Power  Inputi  I15vl10v,  80  cpe..  80  watte 
etandby;  125  watte  operating. 

Olmenalona:  tO*  (mai  >  high  1 12  3/8*  wide 
«  18*  deep. 


For  complate 
a  pacification  8, 
sand  (or  now 
4-paga  brochura  & 


I.ECTRO 

N8TRUMENT8 


3540  Aaro  Court  •  San  Diego  11,  California 
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Ix-llrr  anil  limstinie  tlciLilily  in  iKr  orilrr 
of  01)1%.  NaKar  Slyroflcx  film  i»  u«i-il 
o»  llir  iliiTrcIrir 


Nalvor  Products 

•  Vorniih«d  combtic-^cloth  ond  top# 

•  Vorni$K«d  convos  and  duck 

•  Vornithod  tilk  and  ip*c»al  rayon 

•  Vornithod— Sdicono  cootod  Fibtrglat 

•  Varnithod  papori  — ropo  ond  hroH 

•  Slot  coll  combtnotiont,  Abogloi^ 

•  Itogloi  tkoot  ond  tap# 

•  Itolotton#  ihoot,  topo.  tubing 
ond  tiotving 

o  Vinyl  cootod  — vorniihod  tubing 
ond  sitoving 

•  Catrudod  vinyl  tubing  ond  top# 

•  Styroflti  titiiblo  polyityrono  top# 

•  tvtrudod  idontiUcotion  morkort 

Aik  for  Catalog  No.  24 


^ouTifiiKN  elfcikonics  CORPORATION,  Burhanlv, 
California,  manufactures  precision  capacitors  for 
applications  where  clifliciilt  specifications  have  to  he  met, 
such  as  computer  inte»frators.  test  eciuipment,  secondary 
standards  and  certain  weapons  programs. 

Beciuise  polystyrene  comes  closest  to  meeting  specifica¬ 
tions  for  a  perfect  dielectric,  various  polystyrene  films  were 
tested.  Nat  var  Styroflex  fil  m  was  selected  because  of  its 
uniformly  excellent  pliability,  freedom  from  faults,  high 
shock  resistance  and  excellent  dielectric  characteristics. 

Nat  var  Styroflex  film  is  available  in  standard  thicknesses 
From  .000  to  .006^^  in  widths  from  ^/'2'  to  approxi¬ 
mately  lO'^  or  in  special  put-ups  to  meet  manufacturing 
refjuirements. 


N&TVAIl 


CORPORATION 


FOtMEIlV  THE  NATIONAL  VARNISHED  PRODUCTS  CORPORATION 
TELEPHONE  CABLE  ADDRESS 

FULTON  8-8800  NATVAR:  RAHWAY,  N.  J. 

201  RANDOLPH  AVENUE  •  WOODBRIDGE,  NEW  JERSEY 
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The  ORGANIZATION  and  RETRIEVAL 
of  INFORMATION 


The  organization  and  retrieval  of  large  volumes  of 
diverse  types  of  information  is  rapidly  becoming  one 
of  today’s  more  serious  problems.  Major  areas  where 
the  problem  exists  include  business  and  industry,  the 
military,  the  government,  and  the  scientific  and  engi¬ 
neering  community  itself. 

In  its  simpler  forms,  the  problem  may  involve,  for 
example,  the  automatic  handling  and  analysis  of  busi¬ 
ness  data  such  as  payrolls,  sales  and  manufacturing 
figures,  insurance  premiums,  and  other  essentially  sta¬ 
tistical  data.  At  the  other  extreme  are  certain  complex 
military  situations  which  require  the  concurrent  inter¬ 
pretation,  analysis,  and  integration  on  a  very  short  time 
scale  of  data  from  a  wide  variety  of  sources,  including 
field  reports,  photographs,  news  reports,  estimates  of 
industrial  activity,  and  the  like.  In  many  of  these  situa¬ 
tions,  there  is  the  additional  requirement  to  translate 
the  information  from  a  foreign  language  into  English. 
The  development  in  recent  years  of  electronic  data 
handling  equipment  is  now  making  possible  the 
practical  solution  of  many  of  these  problems.  Such 
equipment  has  the  capability  to  perform  arithmetic 
operations,  make  decisions  among  alternatives,  store 


and  retrieve  large  quantities  of  information,  and  at 
high  speed  automatically  perform  long,  complex 
sequences  of  operations. 

At  Ramo- Wooldridge,  work  is  in  progress  on  advanced 
information  handling  systems  that  arc  characterized 
by  large  volume  and  widely  different  forms  of  infor¬ 
mation,  short  time  scales,  and  a  variety  of  uses  and 
users.  The  scope  of  the  work  includes  the  planning  of 
systems  and  procedures,  programming  various  types  of 
data  handling  equipment,  and  formulation  of  require¬ 
ments  for  new  equipment.  Research  is  also  under  w.iy 
on  the  machine  translation  of  foreign  languages  into 
English. 

Engineers  and  scientists  with  experience  in  the  follow¬ 
ing  fields  are  invited  to  explore  the  wide  range  of  open¬ 
ings  now  available: 

Systems  Engineering 
EDP  Systems 
Computer  Programming 
Console  Design 
Display  Development 
High  Acuity  Optics 
Photo  Interpretation 


The  Ramo-Wooldridge  Corporation 

5730  ARBOR  VITAE  STREET  .  LOS  ANGELES  45,  CALIFORNIA 
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EXTREMELY 

RUGGED 


HIGHLY 


SENSITIVE 

u 


VERY  SMALL 


—  three  units  are  as  small  as  a  common  sugar  cube.  Light 
too  —  weighs  less  than  }.4  oz. ! 


HIGHLY  SENSITIVE 


it  has  an  inherent  sensitivity  of  less  than  I  F,  And  its 
thin  wall  ca.se  has  low  thermal  mass  —  to  give  extremely 
fast  response  to  temperature  variations. 


EXTREMELY  RUGGED 

—  when  vibrated  per  MIL-E-5272A,  Procedure  1,  there 
are  no  resonant  frequencies  between  5  and  500  cps.  Even 
when  tested  at  500  cps  with  lOG  acceleration  it  maintains 
normal  control  characteristics! 

TYPICAL  APPLICATIONS 

•  Crystal  and  transistor  ovens 

•  Missile  batteries 

•  Computers 

•  Electronic  instruments 

•  Small  industrial  machinery 

•  Medical  and  dental  equipment 

•  Airborne  instrumentation 
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Fen  wars.  New  Hermetically  Sealed 
Miniature  THERMOSWITCH*  Unit 


introducing; 

♦ 


oiSn 


VERY 

SMALL 
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HERE’S  THE  REST  OF  THE  STORY— 

Here  are  more  features! 

Hermetically  sealed,  yet  field  adjustable.  Soft  solder  sealing  of 
the  adjusting  screw  permits  field  adjustments  without  destroying 
the  hermetic  seal. 

Accurate,  easy  field  adjustment,  due  to  fine  pitch  adjusting  screw. 
Corrosion  Resistant  —  type  305  drawn  stainless  steel  case. 

Fast  Response  thin  wall  case  has  low  thermal  mass  and  low 
time  constant. 


HERE’S  HOW  IT  WORKS! 

Differential  expansion  of  metals  —  that’s  the  operating 
principle  of  Fenwal’s  new  Miniature  ther.mos\vitch  unit. 
Temperature  changes  expand  or  contract  the  stainless  steel 
outer  case. 


This  activates  the  inner  assembly,  making  or  breaking  the 
totally  enclo.sed  contacts.  This  means  fast  reaction  time, 
since  the  heat  sensing  area  is  the  outer  case  itself  which  always 
is  in  contact  with  the  medium  to  be  controlled. 


HERE  ARE  THE  PARTICULARS! 

Fenwal  Hermetically  Sealed  Rectangular  THERMOSWITCH  unit. 
Model  32400. 

•  Temperature  Ranges  —  Continuous  Operation 

Exposure  limits:  — 65°F.  to  220°F. 

Adjusting  range;  — 20°F.  to  200°F. 

Setting  tolerance:  ±5°F. 

(Note:  ±3°F.  tolerance  available  on 
special  order  at  extra  charge) 

•  Current  rating  —  2.5A,  1  15  VAC;  2.0A,  28  VDC.  Resistive  ratings. 

•  Contact  action  —  close  on  temperature  decrease. 

•  Dielectric  strength  —  1  250  VAC,  1  minute,  either  terminal  to  ground. 

•  Insulation  resistance  —  20  megohm  minimum,  either  terminal  to  ground. 
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•  Material  —  type  305  drawn  stainless  steel  case.  Cadmium  plated  when  temperature  is  fac¬ 
tory  set;  copper  plated  case  and  cover  when  not  factory  set. 

•  Ordering  instructions  —  when  temperature  setting  specified,  unit  will  be  shipped  with  hermetic 
seal.  If  not  specified,  hermetic  seal  must  be  accomplished  by  customer  in  accord  with  instructions 
provided. 

•  Mounting  —  standard  mounting  configuration  is  illustrated.  Screws  provided.  For  special  ar¬ 
rangements,  consult  factory. 


NOTE: 

For  certain  short-life  oppli- 
cotions,  specifications  may  be 
exceeded.  Consult  factory. 


OTHER  MINIATURIZED  CONTROLS 

Fenwal  offers  round  and  cartridge  style  designs  for  particular  applications.  Write  factory  for  full  details. 


FENWAL  INCORPORATED  < 

205  Pleasant  Street,  Ashland,  Massachusetts 


Sales  offices  in  principal  U.  S.  and  Canadian  cities. 

Export  Dept.  P.O.  Box  1896,  New  Haven,  Conn.  Cable:  WRIGHT— NEW  HAVEN 


OLS  TEMPERATURg 
.PRECISELY,^ 


TRANSFORMERS  INCORPORATED  has  consistently 
designed  and  manufactured  precision  transformen' 

that  solved  the  transformer  problems  of  its 

customers.  How  may  we  help  YOU? 


PRECISION  { 
fr  R  A  N  SFORM  E  R 
PROBLEMS? ' 


SIZE  AND 
WEIGHT 


Because  of  advances  in  transformer  design  calculation  methods  and  tech¬ 
nique.  Transformers.  Incorporated  can  accurately  establish  the  size  and 
weight  of  the  required  transformer  from  your  performance  specifications, 
without  the  expensive  and  time  consuming  construction  and  testing  of 
prototypes.  These  same  advances  in  transformer  design  engineering  have 
enabled  Transformers,  Incorporated  to  produce  the  smallest  and  lightest 
precision  transformers  available.  This  is  particularly  important  in  this 
era  of  miniaturization,  peculiar  space  envelopes,  and  rigid  weight  re¬ 
quirements. 


Transformers.  Incorporated  designs  and  manufactures  transformers  with 
a  measured  voltage  ratio  accuracy  of  up  to  five  parts  per  million  (0.0005%) 
at  room  temperatures  and  under  no-load  condition,  with  comparable  ac¬ 
curacies  at  other  temperatures  and  loads.  These  accuracies  can  be  main¬ 
tained  in  all  production  quantities  from  one  to  one  thousand — or  any  other 
quantity  that  you  may  require.  The  ability  of  Transformers.  Incorporated 
to  maintain  specified  accuracies  has  been  consistently  proven  by  samples 
submitted  to  the  U.  S.  Bureau  of  Standards  Testing  Laboratory. 

Each  and  every  transformer  is  individually  inspected  and  electrically  tested, 
and  samples  are  subjected  to  the  required  environmental  tests,  to  ensure 
the  highest  degree  of  reliability.  These  methods  far  exceed  the  usual  sam¬ 
pling  techniques  of  most  quality  control  systems,  and  enable  Transformers, 
Incorporated  to  guarantee  that  every  precision  transformer  will  meet  or 
exceed  customer  specifications. 


Relieve  your  engineering  department  of  the  arduous  task  of  designing 
precision  transformers.  Phone  ENDICOTT,  NEW  YORK  8-3311,  collect. 
Ask  for  Tres  Park.  There’s  no  obligation. 


rartlal  MJmt  of  S.lTISFi  KK  Vt’ STO  .U  K  KS  :  HaUnmtime>  Lmlnsrmtmri^rt  •  IVWf  Airrraft  • 
AIrpImmr  titmpmmfi  •  I'mrtirrtt-JA'rlphl  •  Ikaptil rnm  liSMtrmmfmt  •  ihsmam!  Lmhnral»rl0‘M  • 

Kl^lrtr  •  Hmpkftr  .tirrrmtt  •  IH.%1  •  Bimlltrmnm  Immlrssnsfmt  •  tJmk  .iriatinm  •  A-  \mrtkrmp 

inttlHmlr  mt  Tt^kmolespp  •  At^tpur,  Mmr,  m  ap  •  Kaplkt^tm  •  Spe>rrgm 

Opr^nrmp^  •  Npirmmia  ...  amd  »tkrrm. 


RANSFORMERS,  INCORPORATED 

200  Stage  Road,  Vestal,  N.Y. 
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It’s  easy  to  obtain 
Precise  Measurements 
with  a  D-B 
Standing  Wave  Detector 


-easy  because  D-B  units  are  built  without  the 
usual  sources  of  error.  You  get  perfect  parallel* 
ism  between  slot  and  waveguide  axis. ..between 
probe  travel  and  waveguide  axis.  The  waveguide 
is  precision-formed  in  one  piece  to  provide  a 
uniform  path  for  measured  waves,  thus  minimiz¬ 
ing  residual  VSWR.  You  can  use  any  D-B  slotted 
line  to  measure  adjacent  frequency  bands. 
Merely  substitute  different-size  waveguide 
blocks  and  probes- the  alignment  accuracy  is 
guaranteed  to  remain  unimpaired. 

Check  the  unique  features  below  for  further 
proof  of  D-B  convenience  and  exceptional  accu¬ 
racy.  Literature  on  request. 


Suptr-fltiikli  mliiiatiri  c«aila( 
praka  cakla  alimiaatat  M%  af  aaiaa 
kaa  ta  aativaatianai  cakla. 


lack  kraatfkaaa  praka  caatalat  a 
tacanP  karnanie  trap  artiick  allMi- 
aataa  maaaaramant  errors. 


D-l  kraaPkaaP  araka  rapairai  aa 

taaiac  acratt  lit  allacataP  kaaP. 
Eicaptlaaally  caavaaiaat  aparatiaa. 


S-paiat  klaaiaatic  earriafa  tatpaa- 
tiaa  aatarai  aiaiiataai  llaaarity  af 

praka  aiatiaa. 


Staialaat  ttaal  kail  kaariafs,  pra- 
clalaa  grauap  aap  tprlap  laaPaP  far 
parfact  allgaaiaat. 


Varaiar  teala  parailti  raaPlap  af 
araka  travel  ta  .Olaiai  witkaat  aiaaat- 
ia|  caatiy  accattarlat. 


Lavar  eaatral  far  eaallaaaatly  varl* 
akia  *paaP  Priva.  Ckaafai  kaak 
(paaPt  fraai  "varaiar"  la  "fast." 
tavlag  tiaia  Pariag  gaick  aiaatura- 
aiaata. 


Zara  tiapa  aPjattiaaat  ky  aiaaat 
af  twa  aPJuttiag  terawt.  ^ 


Naa-rackiag  lattramaat  lappart  aa 
3  lavallag  terawt.  taaklat  pulck 
allgaaiaat  witk  atkar  tatt  agaipaicat 

la  ate. 


larga.  eaavaalaat  taalag  kaak  It 
ttailaaary,  laaviag  ayat  fraa  ta 
watek  laplcatar. 


latarckaagaakla  wavaguipa  klackt. 
lack  raaligat  parfactly  la  praka 
traval  la  a  law  tacaaPi. 


OE  MORNAY-BONAROI 

780  SOUTH  ARROYO  PARKWAY  •  PASADENA.  CALIFORNIA 
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from  Tensolite  can  widen  your  safety  margins  on  250°  C,  hook-up  wire 


How  the  man 


MIL-W-16878B 


MARGIN  OF 
SAFCTY  WITH 

Fuxoion  wire 


45%  EXTRA 
MARGIN  OF 
SAFETY  WITH 

Fuxoion  wire 


8900  V 
67  V 


8300  V 
333  V 


AVERAGE  (x)  7300V 
STD.  DEV.  («)  630  V 


BREAKDOWN  VOLTAGE-EXTRUDED  AND  FlEXOLON  WIRE 


Test  proves  new  FLEXOLON  high  temperature 
wire  highest  in  dieiectric  strength 

Superiority  of  Tensolite' s  new  FLEXOLON  irir«,  manufactured  to  exceed  the  requirements 
of  MlL-W-16878By  Types  E  and  EE,  gives  designers  greater  safety  factor  than  ever  before 

If  you  want  to  widen  the  safety  margins  in  your  product  or  merely 
maintain  the  present  margins  with  smaller  wire,  Tensolite’s  new 
Flexolon  high  temperature  hook-up  wire  can  solve  your  problem. 

Rugged  tests  — In  a  series  of  extensive  tests,  Flexolon  wire’s 
dielectric  strength  was  charted  against  the  strength  of  extruded  wire. 

Ten-foot  samples,  selected  at  random,  were  immersed  in  a  water  bath 
containing  a  suitable  wetting  agent  for  4  hours.  Elarh  piece  was  then 
subjected  to  a  high-potential  test  with  voltage  increasing  from  0  at 
the  rate  of  3  kv  per  10-second  interval  until  breakdown  was  observed. 

Results  roncliisive  —  In  the  type  E  category,  e;itruded  wire  fell  45 
per  cent  below  Flexolon  wire’s  minimum  dielectric  strength.  In  the 
type  EE  category,  the  extruded  samples  were  88  per  cent  lower  than 
the  minimum  dielectric  strength  of  Flexolon  wire. 

Extra  ailvanlages  —  Tensolite’s  unique  process  which  permits  appli¬ 
cation  of  2Vi  times  more  layers  of  tape  to  Flexolon  wire  assures  full 
insulation  protection  and  far  superior  performance.  The  new  manu¬ 
facturing  technique  also  gives  Flexolon  wire  perfect  concentricity 
which  provides  easier  stripping,  fasten  and  cleaner  cuts,  and  added 
protection  against  strand  damage. 

Complete  information  —  Ask  the  man  from  Tensolite  for  full  details  **  *:*'**  «xtra  margin  of  tofety  —  This  high 

.  ,  ,  r,  ...  1  1  -  potential  test  proved  that  Type  EE  extruded  wire 

on  the  many  advantages  of  Flexolon  high  temperature  hook-up  wire.  j^u  gg  cent  below  Flexolon  wire's  minimum 

Or  write  to  Tensolite  for  informative  Flexolon  wire  bulletin.  dielectric  strength. 


f  INSULATED  WIRE  CO.,  INC. 

W««t  Main  Straat,  Tarrytewn,  N.  V.  •  Pacific  Division  1 1810  N.  Oardnar  St..  Los  Anaoloo.  Calif, 
^{XOtON**  it  a  tradtmgit  ol  Ttntolli.  Iniuliit.d  WIr.  Co..  Inc. 
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For  your  Magnetic  Shielding  Problems  ... . 

MUMETAL  is  the  answer! 


Write  for  your  copy 

“MAGNETIC  MATERIALS” 

This  32-page  book  contains  val¬ 
uable  dau  on  all  Allegheny  Ludlum 
magnetic  materials,  silicon  steels 
and  special  electrical  alloys.  Illus¬ 
trated  in  full  color,  includes  essen¬ 
tial  information  on  properties, 
characteristics,  applications,  etc. 
Your  copy  gladly  sent  free  on 
request. 

ADDRESS  DEPT.  E-5 


Mumetal  shields  will  give  instant 
relief  to  interference  caused  by 
extraneous  magnetic  fields.  This 
material  can  cure  many  troubles — 
solve  many  a  problem  for  you. 

Use  it  where  high  permeability  is 
required  at  low  flux  densities,  such 
as  in  input  and  microphone  trans¬ 
formers,  hearing  aid  diaphragms, 
instruments,  wire  and  tape  record¬ 
ers,  etc.  For  properly  heat  treating 
Mumetal,  we  can  also  offer  commer¬ 
cial  hydrogen  annealing  facilities. 

A  fund  of  technical  data  on  shields 


and  other  applications  for  Alle¬ 
gheny  Ludlum  Mumetal  is  available 
— let  us  help  with  your  problems. 

In  addition  to  Mumetal  and  other 
high-permeability  alloys,  we  offer  a 
range  of  magnetic  and  electrical 
alloys  and  steels  that  is  unmatched 
in  its  completeness.  Our  services 
also  include  the  most  modern  facili¬ 
ties  for  lamination  fabrication  and 
heat  treatment.  •  Let  us  supply  your 
requirements.  Allegheny  Ludlum 
Steel  Corporation,  Oliver  Building, 
Pittsburgh  22,  Pa. 


A  ® 

STEELMAKERS  to  the  Electrical  Industry 

Allegheny  Ludlum 

Wafhovf  (fodb  of  AL  Sfofai/oM  Stool*  tarrM  by  all  Kyonon  plant*  w*w  to** 


60 


CIRCLE  S>  READERS  SERVICE  CARO 


May  9/  1958  —  ELECTRONICS  engineering  edition 


OlViliOM  Of 


and  mobile — ink,  electric  and  thermal  writing. 


3405  PERKINS  AVENUE 


Brush 
rectilinear 
recording 
systems 


...WHEN  RELIABILITY 
IS  OF  VITAL  CONCERN 


ASK  FOR  NEW  CATALOG 
Deacriboa  2,  4,  6  and  8  channel  aystema — rack 


The  circuits,  mechanisms,  components  and  materials  in 
this  8  channel  recording  system  have  already  proved  their 
reliability  in  Brush  instrumentation  now  in  use  in  the  most 
critical  applications— such  as  radar  surveillance,  computer 
readout,  missile  checkout  on  remote  test  ranges  ...  in 
extremes  of  temperature,  humidity  and  other  abnormal 
conditions.  At  Brush,  the  high  reliability  factor  is  always 
a  basic  consideration  in  design. 

In  this  particular  system,  trace  presentation  is  recti¬ 
linear.  Thermal  writing  provides  clear,  sharp  traces, 
excellent  for  reproduction.  Eight  chart  speeds,  stepped 
from  .4  to  100  mm/sec.,  operate  by  pushbutton  controls. 
The  system  readily  adapts  to  pertinent  MIL  specs. 

With  their  wide  measurement  ranges.  Brush  Ultralinear 
Recording  Systems  may  be  used  for  development  and 
checkout  of  industrial  as  well  as  military  equipment. 
Factory  branches,  service  and  warehousing  at  Arlington, 
Va.,  Boston,  Cleveland  and  Los  Angeles;  engineering  repre¬ 
sentatives  in  all  key  locations. 


IXSTR.UMENTS 


CLEVELAND  14.  OHIO 


ELECTRONICS  engineering  edition  —  May  9,  1958 


CIRCLE  S6  READERS  SERVICE  CARD 


r 


f  i 


! 


I 


I 


the  Complete  Line  of  Batteries 
fcfc.  for  All  Applications 


Mercury  Batteries  . . . 

Mallory  pioneered  and  develo(XKl  the  mercury  battery — now 
makes  a  complete  line  of  single  and  multiple  cell  units  for  all 
major  requirements.  Electrically,  the  mercury  battery  is 
ideally  suited  to  transistorized  circuitry  . . .  mechanically,  the 
mercury  battery  provides  the  smallest  power  unit  for  mini¬ 
ature  and  portable  equipment  of  all  types. 


Zinc-Carbon  Batteries  . . . 

Mallory  makes  a  complete  line  of  zinc-carbon  batteries  that 
serve  most  requirements  of  portable  radios,  instruments, 
flashlights,  photoflash  equipment,  and  special  services.  Avail¬ 
able  in  ”A”,  "B”  and  packs,  these  Mallory  Batteries  give 
dependable  service  wherever  they’re  used. 


Solidion*  Batteries  . . . 

One  of  several  more  recent  Mallory  developments  is  the  new 
solid-state  ’’Solidion”  battery.  Having  an  indicated  life  of 
15  years  or  more,  thb  is  a  truly  dry  battery,  with  no  liquid 
electrolyte  whatever.  A  50-volt  stack  occupies  less  than  0.2 
cubic  inches — weighs  less  than  0.3  ounce.  Voltage  is  stable 
even  at  extreme  temperatures. 


Long-Life  Chargeable  Cell . . . 

Developed  by  Naval  Ordnance  Laboratory,  and  now  avail¬ 
able  from  Mallory  in  limited  production  quantities,  is  a  new 
lead  oxide  silver  cell  with  unique  profierties.  It  is  manufac¬ 
tured  as  an  inactive  cell  and  chargM  when  ready  for  use.  It 
can  be  stored  indefinitely  in  the  inactive  state  at  any  tem¬ 
perature  likely  to  be  encountered.  Service  life  is  exceptionally 
long.  Voltage  discharge  is  constant  over  a  wide  range  of 
temperatures  and  discharge  rates. 

Look  to  Mallory  for  all  your  battery  requirements— and  look 
to  Mallory  Batteries  for  most  dependable  servic*  in  any 
equipment.  Write  to  us  today  for  technical  data  and  consul¬ 
tation  on  your  specific  applications. 


MALLORY  BATHRY  COMPANY  •  CLEVELAND,  OHIO 

o  division  of 


In  Canada,  Mallory  Battery  Company  of  Canada,  Limited,  Toronto  4,  Ontario 


Parts  distributors  in  alt  major  cities  stock  Mallory 
standard  components  for  your  convenience. 


Serving  Industry  with  These  Products: 
Electromechanical  —  Resistors  •  Switches  •  Tuning  Devices  •  Vibrators 
Electrochemical  —  Copacitors  •  Mercury  and  Zinc-Carbon  Batteries 
Metallurgical  —  Contacts  •  Special  Metals  e  Welding  Materials 
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Radio  Waves  Power 
Transistor  Circuits 


Energy  storage  system  supplies  all  power  requirements  for  specially  de- 
signetl  transistor  circuits.  ()|)eration  consists  of  receiving  and  rectifying  r-f 
radiation,  storing  resultant  d-c  energy  and  releasing  the  energy  as  required 
to  associated  circuits.  Unique  dipole  rectifier  provides  efficient  antenna-to- 
receiver  coupling  for  fretpiencies  above  50  me.  Energy  sources  can  be  spe¬ 
cial  purpose  transmitters  or  commercial  broadcasting  stations 


By  L.  R.  CRLMP,  Diamond  Ordnance  Fuxe  I.a)K>ratories,  Washington,  D.  C. 


Rapid  acceptance  of  transis¬ 
tors  is  largely  the  result  of 
their  low  voltage  and  current  re¬ 
quirements — a  few  microwatts 
being  sufficient  power  for  many  ap¬ 
plications.  The  system  discussed 
here  derives  all  power  required 
to  operate  various  types  of  tran¬ 
sistor  circuits  from  electromag¬ 
netic  energy  radiated  by  distant 
sources. 

Although  system  details  depend 
somewhat  upon  the  intended  appli¬ 
cation,  certain  design  features  are 
common  to  any  application.  These 


are:  one  or  more  circuits  for  the 
reception  and  storage  of  electro¬ 
magnetic  energy,  a  circuit  for  the 
detection  and  amplification  of  an 
information  signal  and  a  load  to 
use  the  stored  energ>'. 

Power  Circuit 

A  transistorized  receiver  using 
a  radiant  energj’  power  circuit  is 
shown  in  Fig.  1.  All  input  signals 
are  applied  to  information  coupling 
coil  L,  and  power  coupling  coil  L. 
simultaneou.sly;  however,  each  cir¬ 
cuit  can  be  tuned  to  the  same  or 


different  operating  frequencies. 

After  being  detected  by  a 
parallel  resonant  circuit  consisting 
of  coil  L^  and  variable  capacitor  C„ 
the  incoming  r-f  signal  is  rectified 
by  diode  Z),  and  the  resultant  d-c 
voltage  applied  to  storage  capaci¬ 
tor  Cj.  When  charged,  capacitor 
C,  becomes  the  sole  power  supply 
for  the  receiver. 

The  storage  capacitor  should  be 
of  the  high  quality,  low-leakage 
type.  For  maximum  power  absorp¬ 
tion  and  use,  the  power  circuit 
should  be  broadband  tuned,  tightly 
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or  parallel  to  increase  d-c  voltage 
or  current  as  required.  When  such 
a  multiple  system  operates  at  the 
same  r-f  signal  frequency,  the  an¬ 
tennas  must  be  properly  spaced 
for  maximum  system  gain.  An  ex¬ 
perimental  arrangement  using 
three  dipoles  is  shown  in  Fig.  2. 

An  array  of  three  series-con¬ 
nected,  three-unit  dipoles  feeding 
the  .same  load  delivered  a  total  of 
3  mw  and  charged  a  two  micro¬ 
farad  capacitor  to  54  volts.  Since 
a  lower  voltage  was  desired  for 
K»x  1,000  transi.stor  circuits,  the  units  were 
can  b*  r«-  connected  in  series  and  parallel 
rat*  at  all  across  the  capacitor  to  obtain  an 
8-volt  potential. 

Information  Circuit 

t  the  de-  Information  receiving  circuits 
rectifier  shown  in  Fig.  1  can  be  tuned  to  the 
;  the  r-f  power  signal  frequency  or  to  some 
>r  C,  is  other  selected  frequency.  In  either 
ted  lines  case  the  modulation  of  an  incoming 
-c  power  signal  is  detected  by  diode  P,  and 
antenna,  fed  into  transistor  amplifier  Q,. 
iency  is  Basic  information  circuit  require- 
the  diodes  ments  are  high  selectivity,  low 
itance,  high  power  drain  on  the  capacitor  with 
)W  forward  zero  input  signal  and  efficient 
energy  transference  to  the  load. 
:rgy  power  High-Q  circuit  elements  should 
;d  in  series  be  used  to  provide  high  selectivity. 


INFORMATION  CIRCUIT 


AUDIO  amplifier 


POWER  circuit 


length 

OF  DIPOLE 


1/2  LENGTH 
OF  DIPOLE 


DIRECTION  OF  PROPAGATION 


FIG.  2 — MultipU  dipoU  antenna.  This 
combination  deiirered  one  milliwatt  to 
a  2,500-ohm  reslstiTe  ioad  when  tuned  to 
a  189  me,  SO  kw  transmitter  located  ap¬ 
proximately  one  mile  away.  A  similar 
array  was  capable  of  producing  a  total 
of  3  mw  of  power  and  charging  a  2-^1 
capacitor  to  54  t 


Dual-circuit  receirer  shown  here  contrerts 
radiations  from  strong  local  stations  into 
power  necessary  to  amplify  signals  from 
weaker  or  more  distant  stotions.  When 
both  the  information  and  power  circuits 
are  tuned  to  the  same  station,  the  signal 
is  amplified  by  the  power  derived  from 
the  station's  r-f  corrier 
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R-F 

CHOKE 


FIG.  3 — Emergency  r*c*iT*r  and  alarm  davic*.  By  pralunlng  in- 
iormallon  c'rcuii  to  Conalrad't  640  or  1.240-kc  omorgoncy  iroquon- 
ciM.  dvil  detonM  broadcotla  can  b«  rocoirod  rogardicst  of  oraii- 
abllKy  of  locol  powor  tourcM 


^  K :  X  1,000 

FIG.  4 — Tranapondor.  Powar  rocoWad  at  soma  apaciiic  fraguancy 
is  usad  to  enargUa  tha  transistor  oscillator  at  a  difiaront  fraquancy 
tharaby  making  it  usaful  os  a  daaica  for  dotacting  position  of 
aircraft  or  any  otbar  objact  copabla  of  housing  such  a  daaice 


When  the  same  antenna  is  u.sed  for 
both  power  and  information  signal 
reception,  all  signals  should  have 
similar  magnitude  at  the  amplifier 
input.  To  avoid  saturation  and  di.s- 
tortion  of  the  signal  in  a  high-gain 
amplifier,  the  signal  having  the 
greatest  field  strength  at  the  re¬ 
ceiver  is  attenuated  by  absorbing 
mo.st  of  the  signal  strength  in  the 
energy  collecting  circuit.  Selectiv¬ 
ity  can  al.so  be  increased  by  trap¬ 
ping  strong  signals  occurring  near 
the  desired  information  frequency 
being  transmitted. 

In  switching  circuit  applications, 
transistor  Q,  is  bia.sed  for  the  low- 
e.st  collector  current  which  will  op¬ 
erate  the  load  device  with  a  given 
signal  input.  A  minimum  leakage 
current  is  nece.s.sary  for  maximum 
efficiency  of  energy  storage  and 
u.se. 

Large  zero-bias  collector  cur¬ 
rent  limits  the  capacitor  charge 
and  precludes  use  of  low-current 
relays  which  are  desirable  in  cer¬ 
tain  applications.  To  further  con- 
.serve  power,  audio  amplifier  Q, 
should  l>e  operated  cla.ss  A  at  the 
minimum  collector  current. 

Load  Considerations 

An  unmodulated  carrier,  trans¬ 
mitted  at  the  re.sonant  frequency 
of  the  power  signal  receiving  cir¬ 
cuit,  will  continuously  charge  the 
storage  capacitor.  Remote  switch¬ 
ing  of  p<»wer  is  accomplished  by 
triggering  the  transistor  amplifier 
with  a  modulated  power  signal  or 
with  a  modulated  signal  trans¬ 


mitted  on  a  selected  control  fre¬ 
quency. 

Amplifier  output,  in  most  ap¬ 
plications,  is  connected  to  a  cur¬ 
rent  actuated  device  such  as  a  re¬ 
lay,  headphone  or  loudspeaker. 
When  modulated  transmission 
ceases,  power  output  to  the  load 
al.so  ceases. 

Substitution  of  a  transistor 
oscillator  for  the  information  sig¬ 
nal  circuit  permits  d-c  to  be  con¬ 
verted  into  a-c  of  a  selected  fre¬ 
quency  having  high-voltage  pulses. 
By  applying  the  oscillator  output 
to  a  .step-up  transformer,  a  higher 
voltage  is  developed  which  can  be 
rectified  and  stored  in  a  capacitor. 
A  breakdown  diode  placed  between 
the  storage  capacitor  and  the  load 
could  be  used  to  dump  the  capaci¬ 
tor  charge  across  the  load  when 
the  required  voltage  level  is 
reached. 

Remote  Switching 

A  large  number  of  unpowered 
transistorized  radio  receivers,  pre¬ 
tuned  to  selected  frequencies  for 
power  and  information,  when  dis¬ 
tributed  within  range  of  a  pt)wer 
radiating  .source  could  be  simul¬ 
taneously  activated  by  turning  on 
the  transmitter.  This  arrangement 
could  be  u.seful  in  public  address, 
alerting  or  civil  defense  alarm  sys¬ 
tems. 

A  circuit  for  an  emergency  re¬ 
ceiver  and  alarm  device  is  shown 
in  Fig.  3.  When  a  signal  is  re¬ 
ceived,  the  control  switch  applies 
power  to  an  alarm.  During  the  long 


standby  time,  no  power  is  drawn 
from  the  battery  source. 

Signals  other  than  modulated  r-f 
can  be  used  to  trigger  the  switch¬ 
ing  device.  For  example,  the  out¬ 
put  of  a  magnetic-type  microphone 
energized  by  a  car  horn  can  be  used 
to  operate  garage  door  controls. 

Transponder 

Another  application  of  the 
energy  storage  principle  is  in  the 
transponder  circuit  shown  in  Fig. 
4.  This  device  can  be  used  to 
identify  and  indicate  the  position 
of  airplanes,  harbor  buoys,  land 
markers  and  the  like. 

Addition  of  a  microphone  to 
modulate  the  output  of  the  oscil¬ 
lator  extends  the  applications  to 
short  range  reception  and  trans¬ 
mission  used  in  wireless  intercom¬ 
munications,  public  addre.ss  and 
other  systems.  Also,  the  micro¬ 
phone  could  be  energized  at  a  re¬ 
mote  location  and  used  as  a  con¬ 
cealed  listening  device. 

By  using  a  small  receiver  fitted 
inside  the  ear  in  conjunction  with 
a  fixed-tuned  vest  pocket  transmit¬ 
ter,  the  device  could  be  used  as  a 
personal  radio  or  hearing  aid. 
Transmitter  output  could  be  modu¬ 
lated  by  a  microphone  for  hearing 
aids  and  by  a  simple  radio  receiver 
for  personal  radios. 

Many  applications  may  occur  to 
the  reader  within  his  own  special 
field  of  interest.  Further  research, 
coupled  with  special-purpose  com¬ 
ponent  design  will  undoubtably  ex¬ 
tend  present  applications. 
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Readily-aTailoble  part*  ar«  used  and 
wiring  is  conTsntional  point-to-point 


In-Iino  mounting  of  plug-in  components 
improTss  appeorance,  simplifies  serrice 


All  functional  controls  oppear  on  front 
panel  except  power  switched  in  rock 


Squelch  Circuit  Mutes 


By  DAMEL  CRONIN  Chief  Engineer,  Bell  Sound  Studios,  New  York,  N.  Y. 


Magnetic  tapes  stored  for  are  about  10  v  the  diodes  will  be 
some  time  often  exhibit  non-conducting  for  all  signals  more 
print-through,  a  magnetic  signal  than  40  db  below  this  peak.  When 
induced  onto  layers  adjacent  to  the  the  input  exceeds  it  the  diodes  will 
original  signal.  The  effect  is  a  num-  conduct,  the  upper  diode  on  positive 
ber  of  “echoes”  before  and  after  half  cycles,  and  the  lower  one  on 
the  true  signal,  usually  around  50  negative  swings, 
db  lower  in  level,  but  sometimes  as  The  tiny  slice  of  signal,  near  the 
little  as  20  db  down.  The  masking  zero  axis,  which  is  removed  in  this 
effect  of  any  continuing  sound  such  process  leads  to  severe  distortion, 
as  orchestral  music  often  makes  the  however.  In  Fig.  2  is  shown  the  way 
effect  unnoticeable,  but  during  soft  around  this  problem.  Signals  higher 
passages  it  can  be  highly  discon-  than  threshold  are  amplified,  recti- 
certing.  fied  and  filtered,  and  used  to  keep 

Speech  material  is  much  more  the  diodes  in  a  conducting  condition 
revealing  of  this  defect,  however,  throughout  each  word.  Time  con- 
and  poetry  readings  and  language-  stants  are  chosen  to  make  the  dis- 
instruction  courses  which  leave  tortion-removing  voltage  have  a 
pauses  for  the  student  to  repeat  rise  time  of  about  1  millisec  and 
the  instructor’s  phrases  are  espe-  decay  more  slowly, 
daily  vulnerable.  Some  runs  of  tape  Theoretically  the  first  millisec  or 
are  more  prone  to  print-through  so  of  each  word  is  still  distorted, 

than  others,  and  high-temperature  but  this  is  not  noticed  in  practice, 

storage  can  easily  increase  the  The  ear  requires  a  little  time  to  be- 
transfer  level  10  or  15  db  even  on  come  conscious  of  distortion  and 

the  better  oxide  formulations.  a  millisec  is  not  nearly  a  long 

Called  a  background-noise  eraser,  enough  period  of  time, 
a  device  which  suppresses  this  Psychoacoustic  effects  also  make 
print-through  with  a  semiconductor  the  delay  in  recovery  at  the  end  of 
diode  circuit  that  rejects  all  sig-  a  word  permissible.  There  is  a 
nals  below  a  certain  threshold  level  carry-over  of  the  masking  effect  for 
has  been  developed  and  is  described  a  fraction  of  a  second  after  the 
in  this  article.  end  of  each  word,  and  background 

print-through  will  therefore  not  be 
Basic  Squelch  Circuit  heard  even  if  it  is  present  within  a 

The  basis  of  the  circuit  is  shown  few  millisec  of  the  end  of  a  word, 
in  Fig.  1.  Each  diode  is  back-biased  The  antidistortion  amplifier  has 
by  about  0.1  v.  If  program  peaks  one  unusual  requirement  in  that  if 


must  produce  a  full  output  on  a 
small  input  signal,  and  little  in¬ 
crease  of  output  with  a  40-db  in¬ 
crease  in  input.  More  important, 
there  must  be  no  tendency  for  cut¬ 
off  bias  to  accumulate  on  any  of  the 
grids.  This  is  avoided  by  the  series 
grid-isolation  resistors  shown  in 
Fig.  3. 

One  final  detail  is  necessary  to 


15  V 

PEAK  IN 


FIG.  1 — EUmanU  oi  bla>«d-dlo<l«  iqualch 


AMP 


FIG.  2  Baste  distortlon-rsduction  clrcull 
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BiuHed-diode  type  of  ({uieting  autoniatic-voluiiie-control  silences  audio  chan¬ 
nel  whenever  signal  drops  to  40  dh  helow  peak.  To  reduce  distortion  and 
■  maintain  diode  conduction  throughout  modulation,  a  portion  of  the  signal  is 
rectified  and  applied  to  the  diodes  through  a  delay  circuit.  Constant  level 
haf'kgroiind  noise  is  maintained  hy  afiplying  his  signal  to  channel  whenever 
quieting  occurs. 

Magnetic  Tape  Echoes 


make  the  operation  of  the  device 
smooth  and  unobtrusive.  A  back¬ 
ground  hiss  must  be  inserted.  Care¬ 
ful  listeninsr  to  the  output  without 
this  added  hiss  gives  the  impression 
of  a  .severe  ca.se  of  modulation  noi.se. 
The  pauses  between  words  have  an 
unreal-sounding  silence  to  them, 
and  each  w’ord  brings  with  it  room 
tone,  tape  hiss  and  tut>e  noise. 


The  cure  is  shown  in  the  sche¬ 
matic  of  Fig.  It.  Shot-effect  noi.se 
in  a  triode  having  only  4.5  v  across 
its  filament  is  amplified  and  fed  into 
the  output  so  that  the  overall  signal- 
to-noise  ratio  is  not  degraded.  The 
hi.ss  voltage  is  applied  in  .series  w’ith 
a  large  isolating  resi.stor  between 
the  tjottom  of  7”,  and  ground.  Wfjen 
suppression  takes  place,  there  is  no 


significant  input  signal,  the  diodes 
are  an  open  circuit  and  the  hiss  volt¬ 
age  is  fed  to  the  output  terminals 
of  the  equipment. 

In  the  pre.sence  of  a  signal  the 
diodes  become  conducting,  ground¬ 
ing  the  bottom  of  T,  and  shorting 
the  hiss  voltage.  Thus  hiss  is  added 
only  when  needed,  making  the  ap¬ 
parent  background  fairly  con.stant. 

Low-Frequency  Noise 

If  the  original  program  material 
should  contain  low-frequency  noi.se 
such  as  low-level  hum,  rumble  or 
air-conditioner  noise,  this  will  be 
suppressed  al.so.  Rein.sertion  of  this 
type  of  noi.se  is  neither  necessary 
nor  desirable.  Even  though  the 
noise  comes  through  during  each 
word,  it  is  largely  ma.sked  and  the 
subjective  effect  is  more  pleasing 
if  it  is  suppressed. 

For  operating  convenience  in  ad¬ 
justing  the  threshold  gain  a  small 
neon-bulb  indicator  is  provided. 
This  lights  when  sufficient  voltage 
is  pre.sent  to  decrease  the  bias  on 
the  diodes  sufficiently. 

At  the  inception  of  this  design, 
5  db  of  print-through  reduction 
was  considered  to  be  a  worthwhile 
improvement.  In  practice  at  lea.st 
10  db  is  usually  realized.  Even 
though  .some  trailing  sibilants  are 
somewhat  shortened,  tapes  other¬ 
wise  inacceptaby  echo-laden  are 
again  usable. 


FIG.  3 — Circuit  of  prinl-throuqh  lupprettor.  In-oul  twitch  ptrmitt  operation  at  straight 
ampllller  and  test  twitch  thortt  output  oi  hltt  generator  lor  A-B  test 
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Specially  designed  catliodc-ray  oscilloscope  peniiits  selected  laboratory  te<’h- 
ni<|ues  to  be  applied  in  field  maintenance  of  reciprocating  enfrines  used  in  in¬ 
dustrial  and  marine  service.  Display  on  cro  shows  cyclic  engine  events  in 
time  sequence.  Instrument  monitors  ignition,  vibration  and  pressure  of 
spark-ignited  or  diesel  engines  and  presents  data  on  five-in.  screen.  Ignition 
mistiming  can  be  detected  within  one  degree  of  crankshaft  position.  Scope 
connections  are  made  without  necessity  of  engine  shutdowns 


By  EDWARD  SAMMIS,  Senior  EnRlneer,  Sperry  Gyroncope  Co.,  Dlv.  of  Sperry  Rand  Corp.,  Great  Neek,  N.  T. 


Scope  Analyzes 


Oscilloscopes  have  been  used 
extensively  in  laboratories 
and  in  commercial  aircraft  for  com¬ 
prehensive  engine  studies.’  They 
have  been  adapted  to  analyze  igni¬ 
tions  systems  in  automobiles,  moni¬ 
tor  engine  operation  in  aircraft  en¬ 


gine  test  cells,  study  detonation 
characteristics  and  evaluate  dy¬ 
namic  operation  of  valve.s. 

Until  recently,  cro  techniques 
were  not  practiced  in  field  mainte¬ 
nance  of  industrial  and  marine 
natural  gas,  dual  fuel  and  diesel  en¬ 


gines.  The  engine  analyzer  de- 
8cril)ed  in  this  article  is  designed 
for  special  u.se  as  a  maintenance 
tool  to  efficiently  monitor  these  en¬ 
gines  without  requiring  expensive 
shutdown.  The  36-pound,  hand- 
portable  unit  visually  displays  in¬ 
formation  formerly  obtained  from 
as  many  as  three  electronic  instru¬ 
ments  and  it  enables  maintenance 
personnel  to  check  engine  ignition, 
vibration  and  pre.ssure  for  possible 
malfunctions  with  ease. 

Design  Requirements 

In  designing  an  analyzer  for  in- 
du.strial  engines  the  most  difficult 
problem  to  solve  is  weighing  the 
versatility  factor  with  simplicity 
of  operation.  The.se  requirements 
tend  to  be  incompatible  since  an 
extremely  wide  variety  of  types 
and  components  of  engines  are  in 
common  use.  Some  of  the  following 
design  re<iuirements  therefore  be¬ 
come  apparent:  .select  for  analysis 
important  engine  variables  that  are 
common  to  the  largest  number  of 
engine.s,  provide  for  simple  connec¬ 
tions  that  may  be  made  without 
.stopping  the  engine,  minimize  the 
numljer  of  operating  controls  and 
use  detent  positioned  controls 
wherever  possible  and  present  the 
results  in  a  direct  form  that  can 
be  read  and  interpreted  easily. 


FIG.  1 — Block  diaqram  of  cro  enqin*  analyxer.  A  sweep  is  drlTea  across  the  crt  in 
time  with  the  engine.  Resulting  trace  line  displayed  is  responsive,  in  the  vertical 
direction,  to  signals  from  ignition,  cylinder  vibration  and  cylinder  pressure.  Connections 
are  made  to  the  flywheel,  ignition  primary  circuit,  and  two  to  a  power  cylinder.  Timing  the 
cmolyzer  to  the  engine  is  done  by  a  fifth  pickup  located  near  a  mark  on  the  flywheel 
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Reciprocating  Engines 


The  features  of  particular  inter-  valve  motion,  intake  and  exhaust  horizontal  sweep  at  any  crank- 
est  are  the  pickups  used  w’ith  the  valve  motion.  anfirle  position.  This  position  can 

instrument,  the  inteprratinj?  and  The  choice  of  events  for  analysis  be  read  from  the  selector  dial.  To 
linear  amplifiers  to  accommodate  depends  on  the  needs  of  the  oper-  provide  even  more  accurate  timing 
pressure  and  certain  commercial  ator,  the  expense  of  the  pickup  and  and  to  enable  the  operator  to  read 
pickups,  the  provision  for  crank-  the  difficulty  of  in.stallation.  All  crank-angle  position  directly  from 
shaft  timing  signals  superimpo.sed  the  transducers  mentioned  have  the  oscillo.scope  pattern,  timing 
directly  on  the  oscilloscope  pattern,  been  u.sed  in  the  laboratory  to  ob-  marks  generated  directly  from  the 
and  the  methf>d  of  comparing  rela-  tain  answers  to  specific  design  flywheel  of  the  engine  are  displayed 
tive  amplitudes  of  signals  from  problems.  One  may  have  to  impro-  as  either  vertical  spikes  or  dots 
the  integrating  or  linear  channels  vi.se,  however,  to  make  certain  in-  superimposed  on  the  oscilloscope 
by  superimposing  a  reference  line  stallation.s,  such  as  the  strain  gage  pattern, 
on  the  pattern.  By  using  the  cath-  instrumentation  of  an  integral  fuel 

ode  ray  tulie  as  an  indicator,  ac-  pump  and  injection  nozzle,  (ien-  Operation 

curate  measurements  are  made  di-  erally,  in  the  field,  simple,  inexpen-  Once  the  analyzer  has  been  set 
rectly  from  the  .sources  generating  sive  pickups  that  give  comprehen-  up,  the  pickup  signal  and  the  cor- 
the  signals.  This  permits  simpler  sive  information  and  are  easy  to  responding  vertical  channel  are 
and  less  costly  design  of  the  linear  apply  should  be  u.sed.  selected  by  two  .switches.  The 

time  base  and  vertical  amplifier.  sweep,  full  engine  cycle  or  one- 

The  choice  of  pickups  to  be  used  Display  Technique  eighth  of  an  engine  cycle,  is 

has  a  significant  effect  upon  the  de-  In  the  engine  analyzer  presented,  selected  by  a  rotary  switch.  The 
sign  of  an  engine  analyzer.  When  cylinder  pre.ssure,  .sounds  in  the  crank-angle  is  selected  by  the  pha.se 
a  tran.sducer  produces  a  voltage  engine  structure  and  ignition  volt-  shifter  control  and  the  timing 
that  is  a  function  of  a  cyclic  en-  age  are  given  in  terms  of  crank-  marks,  vertical  spikes  or  intensified 
gine  event,  this  event  can  be  dis-  angle  degrees.  This  is  done,  as  dots,  are  selected  by  a  toggle 

played  on  the  engine  analyzer  in  shown  in  Fig.  1,  by  feeding  the  .switch.  Pressures  from  respective 

terms  of  measured  crank-angle  de-  pickup  signals  to  the  vertical  deflec-  cylinders  are  compared  by  an  ad- 
grees.  Cyclic  operation  can  then  tion  circuit  of  the  crt  while  a  linear  justable  reference  line  superim- 
be  evaluated.  Strain  gage,  mag-  time  base  sweep  generator,  .syn-  posed  directly  on  the  scope  pattern, 
netostrictive,  variable  reluctance,  chronized  to  the  engine-cycle  fre-  Height  of  the  reference  line  is  read 
capacitive  and  piezoelectric  pick-  quency,  generates  a  horizontal  de-  from  the  adjusting  dial, 
ups  have  been  u.sed  in  engine  ana-  flection-signal  that  is  directly  pro-  One  integrated  package  contains 
lyzer  work  to  ob.serve  dynamic  op-  portional  to  crank-angle  rotation.  the  many  components  required  to 

eration  of  stresses  in  bolts,  power  The  phase  of  the  synchronizing  present  the  respective  signals  to- 

and  compressor  cylinder  pre.ssures,  signal  can  be  shifted  by  a  crank-  gether  with  a  time  base  of  constant 

diesel  injection  pressures,  injector  angle  selector  control  to  start  the  sweep  length  capable  of  operating 
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View  of  cylinder  pressure  pattern 
with  the  reference  line  superimposed 


Author  is  shown  operating  controls  ol 
analyser  to  check  a  large  natural  gas 
engine.  Ignition.  Tibration  and  pressure 
data  of  the  reciprocating  engine  are  pre¬ 
sented  as  simpie  patterns  on  five-in.  screen. 
No  engine  shutdown  is  required  to  operate 
the  36-pound  portable  unit — FHONT  COVER 


1 


over  the  complete  range  of  engine 
revolutions  per  minute. 

Pickups 

To  simplify  wiring  and  switch¬ 
ing,  self  generating  pickups  are 
used.  The  crankshaft  timing  pulse 
pickup,  illustrated  in  Fig.  2A,  is 
a  variable  reluctance  type  compris¬ 
ing  a  magnet  and  coil.  It  responds 
to  magnetic  discontinuities  in  the 
flywheel  and  is  polarized  to  produce 
timing  marks  from  I-in.  diam  holes 
spot-faced  in  the  fls^heel.  If  vanes 
or  punchmarks  are  used,  the  leads 
from  the  pickup  must  be  reversed. 
If  the  pickup  output  is  passed 
through  the  integrating  channel, 
a  picture  of  the  magnetic  contour 
of  the  flywheel  is  obtained  so  that 
features  such  as  flywheel  runout 
are  shown  clearly. 

The  pressure  pickup  is  also  a 
variable  reluctance  type  and  con¬ 
sists  of  a  coil  surrounding  a  mag¬ 
net  that  is  positioned  close  to  a 
special  steel  diaphragm.  This  pick¬ 
up  configuration,  shown  in  Fig.  2B, 
was  made  practical  with  the  advent 
of  new,  high-strength  alloy  steels 
which  produce  sufficient  deflection 
without  exceeding  the  elastic  limit. 

The  pickup  is  rated  at  1,000  psi 
and  responds  to  rate  of  change  of 
pressure.  It  is  relatively  inexpen¬ 
sive  to  build,  being  little  more  com¬ 
plicated  than  the  electromagnetic 
pul.se  pickup.  The  pre.ssure  pickup 
will  withstand  rough  use  and  oper¬ 
ating  temperatures  as  high  as  350 
to  400  F.  An  air-cooled  adapter  is 
furnished  for  high  output  engines. 

Figure  2C  is  a  cross-sectional 
diagram  of  the  vibration  pickup 
which  is  magnetostrictive  and  re¬ 
sponds  to  rate  of  change  of  acceler¬ 
ation.  It  resembles  a  rugged  micro¬ 
phone  that  listens  to  vibrations  in 
metallic  .structures.  This  basic  type 
of  pickup  is  simply  con.structed  and 
has  been  used  commercially  for 
many  years  to  indicate  the  presence 
of  combu.stion  knock  and  metallic 
impacts  within  an  engine.  To  im¬ 
prove  s/n  ratio,  the  pickup  is  u.sed 
with  a  tuned  amplifier. 

Ignition-System  Analysis 

No  pickup  is  required  for  igni¬ 
tion  analysis  because  voltages  de¬ 
veloped  across  ignition  system 
breaker  points  or  impulse  gener¬ 
ator  coils  yield  a  great  deal  of  in¬ 


CON.  C  totin' 


FIG.  2— Crankahall  liming  puls*  pickup  (A)  reaponds  to  magnatic  diacontinuiU**  in  Ih* 
ilywh**!.  Pr***ur*  pickup  (B)  r**ponds  to  rat*  oi  chang*  ol  pr***ur*,  whil* 
magnetoatriction  pickup  (C)  reaponda  to  rol*  of  occoUratton 


formation  about  ignition  system  op¬ 
eration.  Since  indu.strial  engines 
are  large,  ignition  circuit  constants 
are  affected  and  it  is  often  neces- 
.sary  to  u.se  individual  coils  for 
respective  cylinders  and  sometimes 
even  for  individual  sparkplugs. 
Switching  of  ignition  circuits  mu.st 
then  be  provided.  The  same  .switch¬ 
ing  control  is  u.sed  to  select  multiple 
vibration  pickups.  Multiple  pickups 
are  used  for  permanent  analyzer 
installations  such  as  marine  diesels. 

Synchronization 

Synchronization  of  the  sweep  to 
any  crank-angle  position  through¬ 
out  the  engine  cycle  is  accom¬ 
plished  by  a  three-phase,  two-pole, 
permanent  magnet  generator 
driven  .so  that  the  rpm  corresponds 
with  the  number  of  engine  cycles 
per  minute.  The  pha.se  shifter  con¬ 
trol  referred  to  previously  and  in¬ 
dicated  in  the  analyzer  block  dia¬ 
gram  operates  in  conjunction  with 
the  synchronizing  generator. 

Synchronization  of  the  .sweep  to 
any  .sparkplug  firing  event  is  ac¬ 
complished  through  the  capacitive 
pickup  afforded  by  a  simple  battery 
clip  attached  to  the  high  tension 
lead  of  a  sparkplug.  A  pickup  with 
special  fittings  is  required  for 
shielded  ignition  systems.  This 
type  of  .synchronization  is  .some¬ 
times  used  for  a  quick,  qualitative 
evaluation  of  a  particular  engine 
event.  A  position  control  is  pro¬ 


vided  on  the  analyzer  to  parade  all 
the  engine  cycle  events  across  the 
cathode  ray  tut>e  screen  when  this 
type  of  synchronization  is  u.sed. 

Pressure-Time  Diagrams 

Field  experience  has  indicateil 
that  cylinder  pressure  is  the 
principal  common  denominator  be¬ 
tween  pi.ston  engines.  I’re.s8ure 
analysis  can  be  performed  on  any 
engine  equipped  with  cylinder 
cocks  that  provide  access  to  the 
combustion  chambers.  Several 
limitations  of  previously  available 
equipment  were  considered:  a)  me¬ 
chanical  pressure  indicators  re¬ 
spond  too  slowly  to  show  the  rapid 
pressure  changes  that  occur  in  en¬ 
gines,  b)  mechanical  indicators  do 
not  show  clearly  and  continuously 
the  effects  of  cycle-to-cycle  varia¬ 
tions,  c)  electrical  pickups  have  re¬ 
quired  a.s.sociated  equipment  that  is 
too  complex  for  use  in  general  main¬ 
tenance  and  d)  electrical  pickups 
have  been  costly  and  delicate. 

The  use  of  an  electronic  indicator 
removes  limitations  a)  and  b).  The 
engine  analyzer  itself,  being  de¬ 
signed  as  a  self  contained  unit 
especially  for  use  with  engines,  re¬ 
moves  limitation  c).  To  overcome 
limitation  d)  the  improved  pickup 
de.Hcribed  in  the  previous  .section 
of  this  article  was  designed. 

To  obtain  the  conventional  pres¬ 
sure-time  diagrams  as.sociated 
with  piston  engines,  the  pressure- 
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rate  pickup  output  must  be 
integrated  and  then  amplified  suffi¬ 
ciently  to  obtain  adequate  deflec¬ 
tion.  To  inte(?rate  at  low  engine- 
cycle  frequencies,  4  to  5  cps,  a  time 
constant  of  0.5  .sec  is  required.  Be- 
cau.se  of  this  time  constant  and  the 
output  characteristics  of  the  pick¬ 
up,  a  (fain  of  100  db  is  necessary 
to  produce  the  desired  deflection. 
The  low-frequency  and  hi(fh-?ain 
requirements  make  stability  con¬ 
siderations  in  the  initial  amplifier 
staffes  important. 

For  the  first  staife,  the  most 
critical,  a  4JD1A17  transi.stor,  in 
common-emitter  configuration  is 
used.  See  Fig.  3.  The  transi.stor 
stage  boosts  the  pickup  output  by 
a  factor  of  60  without  introducing 
hum,  microphonics  or  the  low-fre¬ 
quency  drift  that  ordinarily  results 
from  changes  in  cathode  tempera¬ 
ture  when  a  vacuum  tube  is  used. 
A  transistor  is  well  suited  to  this 
application  because  it  facilitates  di¬ 
rect  coupling  to  the  low-impedance 
pickup  and  becau.se  a  high  output 
impedance  is  desired  for  the  inte¬ 
grating  circuit  that  follows.  The 
stage  is  stabilized  by  feedback  and 
it  operates  over  a  temperature 
range  of  32  to  160  F  with  a  change 
in  gain  of  le.ss  than  10  percent. 

Amplifiers 

The  intermediate  amplifier  con¬ 
sists  of  two  sections  of  a  12AY7, 
followed  by  a  .section  of  a  12AU7 
that  serves  as  a  cathode  follower 
and  acts  as  an  input  for  the 
chopped  reference  signal  from  the 
level  comparator.  The  12AY7  was 
.selected  ljecau.se  of  its  low  noise 
characteri.stic. 

Filament  current  for  the  tube  is 
regulated  by  a  ballast  tube  to  mini¬ 
mize  the  effect  of  power  line  varia¬ 
tions  on  cathode  temperature.  The 
first  .section  of  the  12AY7  has  a 
0.02-Mf  capacitor  connected  be¬ 
tween  grid  and  plate  when  the  in¬ 
tegrating  channel  is  selected  and 
serves  thus  as  a  Miller  integrator. 
The  .second  section  of  the  12AY7 
is  capacitance  coupled  to  the  first 
and  provides  a  gain  of  20.  The 
gain  control  was  placed  at  the  out¬ 
put  of  the  first  .section  of  the 
12AY7,  rather  than  at  the  cathode 
follower  to  permit  higher  signal 
inputs  before  saturation  occurs  so 
that  the  linear  channel  can  accept 


signal.s  from  pickup  preamplifiers. 

Power  for  the  transistor  stage 
and  for  the  plate  supply  of  the  in¬ 
termediate  amplifier  is  obtained 
from  batteries  to  i.solate  these 
stages  from  line  voltage  variations. 
Since  the  current  demand  is  only 
five  to  si.x  milliamperes,  battery  life 
of  80  to  100  hours  is  to  l)e  expected. 

The  vertical  deflection  amplifier 
is  a  12AT7  utilizing  a  cathode- 
coupled  parapha.se  circuit  stabilized 


♦  139  V  -6TI/2V 


FIG.  3 — Schematic  o(  transistor  pro- 
amplUlsr.  ths  iirst  stags  in  the  analyssr 
prsssurs  channsl.  This  stags,  stobilissd 
by  issdback.  boosts  ths  prsssurs  pickup 
output  by  a  iactor  oi  80 


FIG.  4 — Schsmatic  oi  rsisrsncs  IstsI 
comparator,  ussd  to  msosurs  rslativs 
amplitudss  on  crt.  Ths  comparator  potsn- 
tlomstsr  and  dial  psrmit  rsading  oi  ds- 
ilsction  in  tsrms  oi  linsar  seals  divisions 


by  feedback.  The  ignition  marker 
pul.se  and  the  crankshaft  timing 
pulse  are  fed  to  the  paraphase  grid. 
As  shown  in  Fig.  1,  d-c  bias  is  in¬ 
troduced  automatically  when  the 
integrating  and  linear  channels  are 
selected.  This  depre.sses  the  verti¬ 
cal  position  U  in.  to  display  pres¬ 
sure  patterns  symmetrically.  For 
observation  of  other  types  of  pat¬ 
terns  in  these  channels  the  vertical 
position  control  may  be  used  to 
center  the  pattern. 

The  plate  supply  to  the  deflection 
amplifier  is  not  regulated  because 
the  reference  signal  is  mixed  with 
the  pressure  signal  ahead  of  the  de¬ 


flection  amplifier.  When  slight  de¬ 
flection  changes  occur  as  a  result 
of  changes  in  power  line  voltage, 
both  the  pressure  and  reference 
line  signals  are  moved  by  the  .same 
amount  and  are  not  displaced  with 
respect  to  each  other. 

Pattern  Amplitudes 

The  reference  level  comparator 
measures  relative  amplitudes  of 
waveforms  displayed  on  the  crt  in 
terms  of  graduations  on  a  dial.  A 
photograph  of  a  cylinder  pressure 
pattern  with  the  reference  line 
superimposed  is  showm.  The  refer¬ 
ence  level  comparator  circuit  ap¬ 
pears  in  Fig.  4.  It  consi.sts  of  a 
battery  source  of  d-c  reference  po¬ 
tential,  a  four  pole  on-off  switch, 
two  p<}tentiometers  to  define  the 
slope  of  the  straight  line  relation¬ 
ship  between  voltage  and  deflection 
for  the  signals  being  displayed,  a 
precision  potentiometer  and  dial  to 
permit  reading  the  deflection  in 
terms  of  linear  .scale  divisions  and 
a  chopper. 

The  four-pole  switch  is  shown 
in  the  off  position.  The  chopper 
contacts  are  shown  closed,  which  is 
the  condition  for  both  contacts 
when  the  chopper  is  inoperative. 
The  chopper  mixes  the  d-c  reference 
level  w’ith  the  vertical  signal  10  per¬ 
cent  of  the  time  120  times  a  second. 
One  pole  of  the  on-off  switch  pre¬ 
vents  shorting  the  vertical  signal 
to  ground  when  the  make-before¬ 
break  chopper  contacts  do  not 
vibrate. 

The  remainder  of  the  circuitry 
is  generally  similar  to  that  de- 
.scribed  previously.’  The  arrange¬ 
ment  of  the  circuitry  in  the  new 
configuration  is  indicated  in  the 
block  diagram.  A  principal  objec¬ 
tive  of  this  circuit  arrangement  is 
to  provide  suitable  switching  so 
that  the  operator  can  perceive 
analysis  in  terms  of  engine  func¬ 
tions. 

The  deflection  amplifiers,  the 
sweep  generator  and  length  con¬ 
trol,  the  .squaring  amplifiers,  the 
ignition  synchronization  amplifier 
and  the  vibration  amplifier  are 
contained  in  a  printed  circuit  board 
assembly. 

Reference 

(1)  V.  C.  Cetrone.  Airborne  Enirine  An¬ 
alyzer,  Elkctronics  Mar.  1S4S. 
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Saturable  Reactors 


Majinetic  modulator  uses  saturable  reactors  to  convert  input  sine  wave  into 
narrow,  high  [)eak-|)ower  output  pulses.  Basic  adion  of  current-pulse  «'om- 
pression  with  magnetic  modulators  is  explained.  Polarizing  and  differentiat¬ 
ing  circuits,  delay-line  wave  shaping,  pulse  permeahility  measurements,  can¬ 
celation  effects  and  related  features  leading  to  improve<l  design  are  dis<‘ussed 
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High-power,  extremely  narrow 
current  pulses  in  magnetic 
modulators  are  generated  from  a 
sine  wave  input  by  using  saturable 
reactors  in  resonant  circuits. 

In  performing  this  operation  the 
saturable  reactor  functions  first  as 
an  inductive  component,  second  as 
a  switch  and  third  as  part  of  a 
resonant  circuit.  When  used  in  this 
trimoded  capacity  it  may  be  called 
a  pulsactor. 


POLARIZING 
WINDINGS  V 


FIG.  1  —  Polarized  two-ztaqe  magnetic 
modulator  with  current  and  voltage  wave- 
iorm*  ior  each  reactor  resonant  stage 


FIG.  2 — Switching  and  ringing  waveforms. 
Resonant  input  sine  wave  (I),  flattened 
by  polarisation  first  switching  (2).  ringing 
which  would  occur  due  to  first  switch¬ 
ing  (3),  second  switching  (4).  ringing  which 
would  occur  due  to  second  switching  (5), 
and  output  pulse  f$) 


The  input  current  waveform  is 
compressed  in  a  series  of  pulsactor 
resonant  circuits  into  narrow,  high 
power  pul.ses  of  current.  Pulses 
obtained  from  magnetic  modulators 
using  these  reactors  are  sufficient 
to  modulate  high-power  magne¬ 
trons.  Recent  advances  in  high 
permeability  nickle-iron  alloys  have 
improved  reactor  switching  action 
and  lowered  core  losses. 

In  the  transient  operation  of  a 
modulator,  a  saturable  reactor 
cyclically  changes  inductance  or  be¬ 
comes  a  short  circuit.  A  single 
physical  coil  winding  can  perform 
many  .separate  functions.  Unsatur¬ 
ated,  it  can  act  either  by  itself,  as 
an  auto  transformer,  as  a  vari¬ 
able  circuit  impedance  or  as  part 
of  a  resonant  circuit.  As  a  -satur¬ 
ated  inductance  it  can  act  as  a 
-switch,  as  a  part  of  a  resonant  cir¬ 
cuit,  or  as  a  multi-section  winding 
acting  at  -saturation  as  a  delay  line 
or  pfn.  Since  the  inductance  of  the 
-saturable  reactor  may  be  part  of  a 
resonant  circuit,  each  change  in 
inductance  may  lie  considered  to 
create  an  independent  passive  net¬ 
work  with  its  own  current  and 
voltage  waveform. 

Charging  and  Switching 

In  its  most  basic  form  the  mag¬ 
netic  modulator  is  a  .series  of  satur¬ 
able  reactors  in  resonant  circuits. 
When  the  resonant  frequency  of  a 
stage  is  reached,  the  reactor 
switches  and  shock  excites  the  next 
stage  at  a  higher  frequency.  By 
repeating  the  resonant  charging 


FIG.  3 — Magnalization  charactvrUticB  for 
high  pormoability  Iron 


action  and  switching  in  -several 
stages,  succe-ssively  resonant  ex¬ 
cited  currents  are  produced  which 
form  a  narrow,  high-amplitude  out¬ 
put  current  pulse.  A  series  of  in¬ 
creasingly  higher  fre<fuency  re.so- 
nant  circuits  make  up  a  current 
compression  modulator.  The  opera¬ 
tion  is  basically  different  from  a 
conventional  line  pulser  which  de¬ 
velops  its  narrow  output  pul.se  in 
one  off  and  on  switching  cycle  of 
the  thyratron  which  di.scharges  a 
pulse  forming  delay-line  network. 

Input  for  a  magnetic  modulator 
may  be  either  a  sine  wave  or  a  trig¬ 
gered  pulse  at  radar  repetition 
frequencies.  In  the  conventional 
a-c  ca.se,  using  sine-wave  input,  the 
magnetic  circuits  are  polarized  to 
allow  switching  only  once  for 
every  sine-wave  cycle.  Charging 
action  for  each  resonant  circuit 
therefore  occurs  at  the  input  fre¬ 
quency. 

In  the  two-stage  magnetic  modu¬ 
lator  shown  in  Fig.  1  the  energy 


72 


May  9,  1958  —  ELECTRONICS  engineering  edition 


Fire  Radar  Magnetrons 


Corapon«nla  ior  a  imall  maqnatlc  modulator  includo:  charqlnq  reactor  (1).  iirat  aatur- 
abU  roactor  (2).  polarizing  coke  (3),  Mcond  taturablo  reactor  (4),  charging  capacitor* 
(5),  third  taturoble  reactor  (()  ond  pulte  tronaiormer  (7) 


transfer  involves  three  different 
resonant  frequencies  which  are 
determined  by  combinations  of  the 
various  capacitors  and  the  unsatur¬ 
ated  and  saturated  inductances.  A 
Rraph  of  the  current  and  voltages 
waveforms  at  the  particular  fre¬ 
quencies  involved  in  the  three  in¬ 
terrelated  circuits  is  shown  below 
the  circuit  diagram.  The  rapid 
switching  of  energy  across  the 
resonant  circuits  produces  a  nar¬ 
row  hiirh-power  output  pulse. 
Knerpry  transfer  occurs  at' essenti¬ 
ally  equal  voltages  across  the  charg¬ 
ing  capacitors  C,  and  C,.  A  time- 
wise  compression  of  the  successive 
current  waveforms  results  so  that, 
for  a  constant  transfer  of  power, 
they  become  increasingly  narrow. 

Design  Considerations 

The  overall  action  may  be  divided 
into  four  steps:  (1)  self  re.sonance 
of  the  modulator  input  components 
at  the  prf  of  the  sine-wave  source, 
(2)  progressive  switching  in  the 
cascaded  circuits,  (3)  successive 
self  resonance  of  the  saturated  re¬ 
actors  and  their  associated  capaci¬ 
tors  and  (4)  the  transfer  and  wave 
shaping  of  pulsed  energy  from  the 
last  resonant  circuit  to  the  load. 
During  the  process  all  tuning  ca¬ 
pacitors  that  store  the  energy  re¬ 
main  at  a  constant  peak  voltage. 

Self  re.sonance  of  the  input  cir¬ 
cuit,  which  occurs  at  the  sine  wave 


input  frequency  <»,  delivers  a  maxi¬ 
mum  voltage  across  Ci  equal  ideally 
to  ir  times  the  input  voltage  multi¬ 
plied  by  the  input  transformer 
ratio  N,.  The  unsaturated  induct¬ 
ance  L,.  may  be  neglected  and  ca¬ 
pacitor  current  in  decreases  to  zero 
at  maximum  voltage  at  point  B. 

At  the  instant  the  voltage 
across  C,  reaches  a  maximum  L,. 
saturates  becoming  L,.  and  acts  as 
a  switch  to  transfer  the  charge  of 
C,  to  C,  through  current  flow  in. 
After  switching  the  network  con¬ 
sisting  of  L,.,  C,  and  C,  becomes 
re.sonant  to  another  frequency  u. 
and  the  current  ir,  through  C,  rises 
rapidly  causing  the  circuit  to  ring 
at  its  natural  frequent;^’.  As  cur¬ 
rent  builds  up  in  the  re-sonant  cir¬ 
cuit,  Li,  returns  to  its  un.saturated 


FIG.  4 — Continuou*  plot  o(  magnetizing 
lore*  and  ilux  denaity  beiora  magnetic 
condition*  atabilize 


state  and  the  voltage  at  point  B 
decays. 

The  voltage  V,  across  C,  reaches 
a  maximum  at  the  same  instant  L, 
.saturates,  becoming  L..,,  The  energy 
stored  in  C,  is  then  carried  to  the 
load  by  current  u-  During  the 
output  circuit  discharge  action  L, 
remains  un.saturated  and  has  no  ef¬ 
fect  on  the  output  circuit.  With 
optimum  energy  transfer  the  cur¬ 
rent  through  the  load  is  a  transient, 
described  by  the  equation:  Vo  = 
(0.73  IT  £■„  .V,  Sin  oh  0/2  where 
(u,  =  (L,.  X  C,)'**  is  the  natural 
frequency.  Vo  is  the  voltage  across 
the  equivalent  magnetron  load  re¬ 
flected  across  the  primary  of  T..  It 
has  a  maximum  amplitude  equal  to 
0.73  V,. 

Waveforms  obtained  in  actual 
operation  are  more  like  those 
shown  in  Fig.  2.  Re.sonant  sine 
waves  of  each  stage  are  drawn  with 
dotted  lines  and  the  pulse,  which  is 
actually  developed,  with  a  .solid 
line. 

Basic  Magnetic  Considerations 

Good  saturable  reactor  action  de¬ 
pends  upon  the  use  of  high-permea¬ 
bility  iron  and  the  application  of 
polarizing  flelds.  High  permeabil¬ 
ity  iron  works  on  a  steep  B-H  curve 
and  therefore  gives  rapid  flux 
changes  and  high  induced  voltage.s. 
With  sharp  cornered  hysteresis 
characteristics  the  switching  action 
of  the  pulsactor  produces  good  cur¬ 
rent  pulse  compre.ssion  becau.se  of 
the  high  ratios  of  unsaturated  to 
saturated  inductances.  Use  of  polar¬ 
izing  fields  will  increa.se  the  effec¬ 
tive  permeability  beyond  normal 
values. 

The.se  generalizations  appear 
more  vividly  when  the  magnetic 
properties  of  some  modern  high- 
permeability  irons  are  considered. 
For  instance,  the  d-c  hysteresis 
loop  shown  in  Fig.  3  has  a  flat  slope 
or  flux  change  from  point  4  to  5. 
The  flux  change  is  only  a  few  gauss 
under  operating  conditions  com¬ 
pared  to  an  e.xtremely  high  flux 
change  when  going  from  point  3 
to  4.  Since  inductance  depends  on 
permeability,  the  flux  changes  give 
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a  high  ratio  of  unsaturated  to  satu¬ 
rated  inductance.  This  high  ratio 
is  ideal  for  switching  action.  The 
reactor  functioning  as  a  switch  has 
a  low  impedance  and  the  shunting 
effect  of  the  unsaturated  coils  upon 
the  rest  of  the  system  is  reduced. 
The  resonant  frequencies  derived 
from  the  low  saturated  inductances 
of  the  switches  are  higher  than  in 
poorly  saturated  circuits  and  give 
greater  current  pulse  compression. 
In  practice  it  is  possible  to  achieve 
saturated  to  unsaturated  induc¬ 
tance  ratios  of  as  high  as  2,000  to 
1  and  to  use  coils  in  successive 
stages  with  inductance  ratios  be¬ 
tween  20:1  and  100:1. 

Polarizing  Fields 

An  important  factor  in  the  de¬ 
sign  of  saturable  reactor  circuitry 
is  the  polarizing  field,  sometimes 
referred  to  as  magnetic  biasing. 
When  applied  to  magnetic  compo¬ 
nents  carrying  pulse  voltages  it  en¬ 
ables  adjustments  to  improve  over¬ 
all  performance.  Chief  effect  of  the 
polarizing  field  is  control  of  pulse 
permeability.  The  pulse  permeabil¬ 
ity  constant  has  different  impli¬ 
cations  from  the  initial,  average  or 
maximum  permeabilities  common 
to  conventional  magnetic  circuits. 

To  define  permeability,  suppose  a 
narrow  voltage  pulse,  1  to  5  m  sec,  is 
applied  to  a  coil  with  a  magnetic 
core,  as  shown  in  Fig.  4.  Examina¬ 
tion  of  the  magnetization  curve  be¬ 
fore  the  associated  circuits  and  the 
magnetic  conditions  stabilize  them¬ 
selves,  show's  that  the  first  flux  loop 
.starts  with  unmagnetized  iron  at 
point  A  and,  as  the  magnetizing 


VOLTAGE  MAGNITIZING  FLUX 

PULSE  FORCE  DENSITY 


FIG.  5 — PuIm  permeability  under  the  in¬ 
fluence  of  a  negative  polarizing  field 


force  increases,  goes  from  A  to  B 
and  back  to  C  where  it  remains  at 
the  residual  flux  density  until  the 
next  applied  pulse  arrive.s.  The  sec¬ 
ond  flux  loop,  starts  at  C  goes  to  D 
and  returns  to  its  residual  mag¬ 
netization  at  E.  The  third  loop 
from  E  to  F  and  so  on.  Forward 
tips  of  the  flux  loops  ascend  the 
basic  magnetization  curve. 

Finally  the  flux  arrives  at  a 
closed  stabilized  loop  M,  N  with 
residual  and  maximum  flux  values 
such  that  the  decrea.se  in  flux  when 
pulse  voltage  is  removed  exactly 
equals  the  increase  in  flux  due  to 
applied  voltage.  Pulse  permeability 
/ii,  of  the  iron  is  defined  as  the  slope 
of  the  axis  of  the  last  loop.  It  is 
aJS/aW  or  in  terms  of  the  mag¬ 
netization  curve  in  Fig.  4  it  equals 
the  ratio  of  distances  (n-y)/(m-x). 
A  plot  of  the  flux  density  and  mag¬ 
netizing  force  during  the  changes 
is  shown  in  Fig.  4. 

Pulse  Permeability  Figure 

Permeability  of  the  iron  after 
operating  conditions  have  stabilized 
is  a  constant  which  can  be  meas¬ 
ured.  It  is  u.sed  to  calculate  the 
inductance  of  unsaturated  reactors. 
The  pul.se  permeability  figure  is  a 
complex  quantity  which  depends  on 
the  value  of  the  applied  pul.se  volt¬ 
age,  on  the  ratio  of  the  pul.se  width 
to  the  prf  and  on  other  circuit  con¬ 
siderations  such  as  Q  or  loading 
and  distributed  capacitance.  It  can 
be  changed  by  magnetic  biasing  of 
the  core. 

The  pulse  permeability  nn  is  not 
the  permeability  determined  by 
the  initial  magnetization  curve 
either  at  its  points  of  initial,  maxi¬ 
mum  or  minimum  slope.  In  the 
highest  permeability  irons,  under 
unbiased  condition.s,  pulse  permea¬ 
bility  runs  around  2,000  as  con¬ 
trasted  to  the  initial  permeability 
of  600  and  a  maximum  permeability 
of  250,000. 

PuLse  permeability  under  the  in¬ 
fluence  of  a  negative  polarizing 
field,  opposed  to  the  field  caused  by 
the  applied  pulse  voltages,  is  shown 
in  Fig.  5.  The  flux  loops  start  at 
A  and  with  a  polarizing  field  Hp, 
which  is  slightly  less  than  the  .satu¬ 
ration  flux,  the  flux  and  magnetiz¬ 
ing  conditions  immediately  stabil¬ 
ize.  The  final  loop  is  ABCDEA. 
It  has  a  B-H  slope  corresponding 


CHARGING  REACTOR 


FIG.  6  Amount  of  polarization  changot 
with  oporating  level  making  modulator 
partially  eelf-regulatlng 


Cf 


FIG.  7— Magnetic  modulator  with  auto- 
troneformer  primary  resonance  ond  can¬ 
cellation  feedback 


to  the  axis  AC.  By  adding  a  polar¬ 
izing  field  so  that  the  flux  loops 
always  .start  at  a  negative  flux 
density  equal  to  the  saturation  den¬ 
sity,  the  slope  in  the  final  flux  bmp 
exceeds  that  of  Fig.  4,  and,  in 
effect,  the  pul.se  permeability  is 
increased. 

In  actual  practice  the  optimum 
value  is  arrived  at  by  adjusting  the 
polarization  field  and  the  applied 
voltages  to  give  stabilization  at 
.some  flux  value  slightly  less  than 
the  saturation  value  of  the  particu¬ 
lar  iron  being  u.sed.  In  the  ca.se  of 
high-grade  iron  with  a  proper  pol¬ 
arizing  field  it  is  possible  to  use  a 
total  swing  approaching  30,000 
gauss. 

Operational  Circuits 

Figure  6  shows  a  circuit  using 
a  combined  autotransformer  and 
saturable  reactor  in  the  first  stage 
with  .self  polarization.  A  portion  of 
the  input  energy  is  rectified  and  the 
unidirectional  current  u.sed  to  mag¬ 
netically  bias  the  core.  The  ar¬ 
rangement  saves  a  transformer  as- 
.sembly,  places  the  charging  choke 
on  the  primary  side  reducing  its 
size  and  produces  an  output  w'hich 
is  partially  self-regulating  since 
the  amount  of  polarization  changes 
with  the  level  at  which  the  device 
operates.  The  autotransformer 
must  operate  over  wide  ranges  of 
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permeability  while  still  maintain- 
insr  resonance  at  the  driving  prf. 

Fig.  7  is  a  variation  of  the  auto¬ 
transformer  using  the  charging 
capacitors  in  a  slightly  different 
manner.  First,  some  of  the  reso¬ 
nant  circuit  is  transformed  from 
the  .secondary  to  the  primary  by 
connecting  C.  in  .series  with  L..  Any 
leakage  between  the  primary  and 
secondary  of  the  autotransformer 
is  cancelled  out  when  C,  is  tuned. 

It  also  allows  C,  to  be  placed  in 
.series  with  L,  adding  to  pulse  sharp¬ 
ening  at  this  point  becau.se  it  re¬ 
duces  the  second  circuit  total  ca¬ 
pacitance  as  well  as  acting  as  a 
differentiator  for  voltages  developed 
in  L,. 

Polarization  of  an  intermediate 
stage  shown  in  Fig.  7,  .serves  two 
purposes.  First  it  cuts  off  the  p<)si- 
tive  pul.se  developed  by  the  differ¬ 
entiating  action  of  C,  and  .second  it 
eliminates  undesired  feedback  of 
output  pulses  to  input  circuits,  s 

The  polarizing  windings  are  sup¬ 
plied  through  a  tapped  isolating 
choke  which  offers  additional  ad¬ 
vantages.  The  choke  isolates  the 
polarizing  supply  from  signal  volt¬ 
ages. 

By  .sending  the  polarizing  cur¬ 
rent  through  a  center  tap  to 
buck  out  the  d-c  fields  it  relieves 
d-c  .saturation  and  permits  a 
smaller  feed  choke  winding  for  a 
given  inductance.  Since  signal  volt¬ 
ages  appear  across  the  choke,  it  can 
l)e  used  simultaneously  as  a  pulse 
transformer  which  can  be  a-c  polar¬ 
ized  so  that  the  fields  derived  from 
the  output  pulses  can  be  made  to 
cancel  the  particular  portion  of 
themselves  which  would  be  nor¬ 
mally  reflected  back  into  the  input. 

Delay  Line  Waveshaping 

Ec«)nomy  of  parts  and  additional 
waveshaping  necessary  to  square 
up  the  triangular  pulse  normally 
generated  in  the  last  stage  are  pro¬ 
vided  by  the  delay  line  shown  in 
Fig.  8.  By  tapping  the  reactor 
winding  and  adding  capacitors  to 
ground,  the  network  becomes  a  de¬ 
lay  line  in  addition  to  being  a 
switch  and  a  high  inductance.  The 
capacitors  from  the  taps  to  ground 
offer  negligible  effect  to  unsatu¬ 
rated  operation  but  at  and  during 
switching  produce  an  improved  out¬ 
put  pulse  waveform.  The  circuitry 


provides  better  impedance  match¬ 
ing  and  helps  to  compensate  for 
effects  produced  by  the  output 
transformer.  It  also  allows  ea.sy 
manual  adju.stment  of  the  output 
pulse  width  by  adju.sting  the  polar¬ 
izing  current  control  resistor.  Some 
effects  of  the  polarizing  field  in  the 
last  reactor  are  still  pre.sent,  even 
at  saturation. 

Design  Calculations 

The  basic  design  constants  stem 
from  the  conditions  .stated  in  Fig. 
1  and  from  the  required  peak 
power  output,  duty  cycle  and  pulse 


.POWER  SAVED 


FIG.  8 — Built-in  delay  line  square*  up 
trianqular  pulse  normally  generated  In 
last  stage  ol  magnetic  modulator 


width.  From  the  values  of  Fig.  6 
and  with  relationships  shown  in 
I'ig.  7  the  value  of  the  charging 
capacitor  voltage  V,.  can  be  deter¬ 
mined.  Taking  a  set  of  typical  con- 
.stants  existing  in  a  small  modulator 
u.sed  to  fire  a  magnetron: 


r. 


1 

0.7:1 


1 

o.7:r 


r. 


.■>,000 


l,100r 


where  V„  is  the  magnetron  firing 
voltage  (5,600  v)  and  .V,  is  the  out¬ 
put  transformer  turns  ratio  (7:1). 
From  the  basic  energy  equation, 
PT  =12  CV-  the  charging  capaci¬ 
tor  is 


(’ 


IV  ^  '' 


.2_  X  - 

9  (1,100)’ 


T  fara<ls 


X  9,0(X)  X  10 -• 


-  0.016 

where  n  is  the  output  transformer 
efficiency  (0.9),  T  is  the  modula¬ 
tion  pulse  duration  (10  *  sec),  P  is 
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the  peak  power  (9,000  iv)  and  F  is 
the  pulse  repetition  rate  (2,000 
cps). 

Knowing  the  capacitor  voltage 
and  size  in  terms  of  output  power 
and  remembering  that  the  first  cir¬ 
cuit  is  resonant  at  the  pulse  repeti¬ 
tion  frequency  and  since  the  first 
reactor  inductance  has  a  definite 
ratio  to  the  charging  choke,  the  un¬ 
saturated  inductance  of  the  first 
reactor  may  be  calculated. 

where  n.  is  .sy.stem  efficiency  (0.33) 
or  <r  is  the  ratio  of  the  reactor 
inductance  to  the  charging  choke. 

If  n,  X  (1  -I-  «r)  is  combined  into 
a  constant  K  which  equals  one  then 

/  Y 

2  ^  6.2S  X  2.000  / 

10--.) 

With  this  inductance,  core  sizes 
and  number  of  turns  can  be  cal¬ 
culated  provided  the  pulse  per¬ 
meabilities  available  in  the  iron 
core  are  known.  The  inductance  of 
succeeding  reactors  may  now  be 
calculated  with  selection  of  suitable 
ratios  from  which  is  determined 
the  current  pulse  compression  when 
working  with  practical  ratios  of 
saturated  to  un.saturated  induct¬ 
ances. 

The  transient  voltage  waveforms 
encountered  after  .saturation,  as 
shown  in  Fig.  2  probably  may  give 
some  trouble.  For  in.stance  when 
L,  .starts  to  ring  after  saturation 
it  is  found  that  although  by  dif¬ 
ferentiating  the  pulse  developed  at 
this  point  and  thus  preventing  low- 
frequency  prf  input  energy  from 
pa.ssing  on  through  the  circuit,  it 
is  in  addition  neces.sary  to  polarize 
L,  to  eliminate  the  positive  excur¬ 
sions  on  the  front  corner  of  the 
output  pulse  waveform.  In  some 
cases,  even  with  polarization,  it  is 
necessary  to  place  a  diode  across 
the  primary  of  the  pulse  trans¬ 
former. 
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High-Speed  Tester 

Production  tube  tester  gives  rapid  indication  of  opens  and  shorts  with  direct- 
reading  localization  hy  neon  lamps.  Memory  circuit  holds  indication  of  inter¬ 
mittent  tap  shorts.  Seven  tube  types  are  covered,  but  others  may  be 
accommodated  with  simple  wiring  changes.  Most-used  types  are  tested  in 
groups  of  four  at  a  time.  Minor  changes  allow  tests  of  special  tubes 
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Tube  testers  are  not  usually 
convenient  for  rapidly  locat¬ 
ing  shorts  and  discontinuities  in 
large  numbers  of  electron  tubes. 
The  short-testing  function  usually 
has  a  four  or  five-position  switch 
and  a  single  neon-lamp  circuit. 
For  shorted  elements  the  switch 
positions  at  which  a  glow  appears 
are  noted  and  a  table  is  referred  to 
for  pin-pointing  the  short.  No  per¬ 


manent  indication  for  tap  shorts  is 
provided.  The  p.  reading  usually 
serves  as  the  only  continuity  indi¬ 
cation,  but  this  is  not  always  con¬ 
clusive  nor  does  it  localize  the  dis¬ 
continuity. 

The  short-continuity  tester  de¬ 
scribed  here  is  a  high-sensitvity  de¬ 
vice  for  rapid  checking  of  up  to 
four  tubes  of  a  given  type  at  a 
time.  It  also  contains  a  memory 


Three  groups  oi  four  long-lUe  tube  sockets  are  used  for  most-required  types.  Octal  adopter 
Is  used  for  subminiatiire  types.  Cork  hammer  aggravates  tap  shorts 


feature  for  tap  shorts.  Although 
designed  for  seven  particular  tube 
types,  the  unit  can  accommodate 
others  with  minor  wiring  changes. 

Short  Testing 

The  short-test  circuit  gives  per¬ 
manent  indication  of  an  intermit¬ 
tent  tap  short.  It  also  localizes  pre¬ 
cisely  all  sustained  shorts,  and 
those  tap  shorts  in  which  the  time 


1.8  MEG  5696 


FIG.  1  SimpIUisd  shorl-tssiing  circuit 


FIG.  2— SimpIUisd  continuity  tssting 


76 


May  9,  1958  —  ELECTRONICS  engineering  edition 


Checks  Tubes  in  Groups 


is  sufficient  for  the  eye  to  sense  an 
indication  on  the  panel  lamps. 
I.><»calization  is  made  by  notinjf 
which  neon  lamp  or  lamps  are  ex¬ 
tinguished  out  of  six  normally 
Klowintr.  The  memory  indication 
is  ifiven  by  the  jflowinjf  of  a 
seventh  normally  -  extinjfuished 
lamp. 

The  maximum  short  resistance 
for  indication,  hence  the  tester 
.sensitivity  l>etween  any  two  ele¬ 
ments  of  the  tube  under  te.st,  is 
220,000  ohms  for  the  memory  and 
approximately  400,000  ohms  for 
the  six-lamp  localization  di.splay. 
A  simplified  schematic  of  the  short- 
testinK  circuit  is  priven  in  FiK.  1. 
The  elements  of  the  tube  under 
test  are  connected  to  the  junction 
points  of  the  lamps.  The  voltajre 
drop  across  each  of  the  neon  lamps 
is  approximately  50  v.  The  current 
is  fixed  at  approximately  0.133  ma 
!)>•  the  .source  voltaKe  and  droppinK 
resistor. 

If  a  resistance  of  approximately 
400,000  ohms  is  placed  l>etween  K, 
and  G’„  for  example,  all  of  the  V', 
current  would  be  routed  through 
the  resistance  and  the  lamp  would 
extinifuish.  This  value  of  resist¬ 
ance,  which  is  the  lamp  voltaKe  di¬ 
vided  by  the  series  current,  is  thus 
the  basic  localization  sensitivity 
of  the  short  tester.  If  the  shortinj? 
elements  are  not  adjacently  con¬ 
nected,  such  as  K,  and  G„  V,  and 
r.  would  both  extinKuish  and  the 
sensitivity  would  be  proportion¬ 
ately  increased  to  800,000  ohms. 
Since  one  side  of  the  heater  is 
Krounded,  a  short  between  K,  and 
heater,  for  example,  would  cau.se 
F,  to  extinguish. 

The  grid  of  the  thyratron  is  con¬ 
nected  to  the  top  of  V’,  thniugh  the 
limiting  resi.stor  and  is  at  a  con¬ 
stant  potential  in  the  ab.sence  of 
shorts.  The  cathode  is  returned  to 
a  fixed  voltage  to  bias  the  tube  be¬ 
yond  the  firing  voltage.  When  a 
short  of  sufficient  magnitude  occurs 
between  any  two  elements  of  the 
tube  under  test,  the  thyratron  grid 
becomes  less  negative,  causing  the 
tube  to  fire  and  V',  to  glow.  This 
memory  lamp  continues  to  glow  un¬ 
til  the  reset  button  is  depressed,  re- 


l.e  MEG  300  K 


FIG.  3 — CompUl*  circuit  diagram  and  tub*  conncctiont  for  short  and  continuity  tostor 
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Kardless  of  the  voltage  at  the  grid. 
The  time  constant  of  the  grid  cir¬ 
cuit  including  stray  capacitance  is 
such  that  a  short  of  only  100  fiaec 
duration  is  sufficient  at  maximum 
sensitivity  to  fire  the  tube.  Thus  the 
circuit  is  fast  enough  for  prac¬ 
tically  all  tap-short  defects  en¬ 
countered. 

The  change  in  grid  voltage  aE 
resulting  from  an  adjacent-element 
short  of  the  maximum  design  sen¬ 
sitivity  of  220,000  ohms  can  be 
computed  from  the  equation 
aE  =  (E,.R,/R,  +  6E,.  -  E,)/ 

^  (1  +  R../R,) 

where  E,,  =  lamp  voltage  (approx 
50  v),  Ek  =  supply  voltage  ( —  540 
v),  Rt  =  resistance  of  adjacent- 
element  short  (220,000  ohms)  and 
R,  =  series-dropping  resi.stor  (1.8 
megohms). 

The  value  of  a£7  with  the  given 
values  is  approximately  18  v.  To 
this  value  must  be  added  the  nega¬ 
tive  critical  grid  voltage  of  the 
thyratron  to  obtain  the  grid-to- 
cathode  bias  voltage  nece.s.sary  for 
this  sensitivity.  The  critical  grid 
voltage  for  the  5696  with  suppres¬ 
sor  grid  tied  to  cathode  and  plate 
voltage  of  300  v  is  —  2.5  v.  Thus 
the  required  bias  is  20.5  v.  Since 
the  nominal  NE-51  voltage  drop  is 
50  V  the  quiescent  voltage  at  the 
grid  is  close  to  (50  x  6)  or  —300 
V.  The  cathode  must  therefore  be 
returned  to  about  —  280  v. 

The  sensitivity  of  the  instru¬ 
ment  to  tap  shorts  is  calibrated  by 
adjusting  the  cathode  potential 
with  a  voltage  divider.  A  220,000 
ohm  resistor  is  switched  across  one 
of  the  series  lamps  and  the  cathode 
voltage  is  varied  in  a  negative  di¬ 
rection  until  the  thyratron  fires  as 
observed  by  V^.  The  actual  nega¬ 
tive  grid  bias,  as  set  by  calibration, 
measures  close  to  the  computed 
20.5  V.  A  regulated  high-voltage 
power  supply  is  required,  as  a  1- 
percent  change  in  cathode  voltage 
gives  roughly  a  10-percent  change 
in  memory  sensitivity. 

Continuity  Testing 

The  continuity-testing  circuit  is 
quite  simple.  Cathode  emission  is 
utilized,  all  tube  grids  and  plates 
being  connected  positive  with  re¬ 
spect  to  the  cathodes.  The  same  six 
neon  lamps  are  used  as  with  the 
short-testing  circuit  and  all  lamps 


Table  I — Fault  Location  Chart  ior 
Electon-Tube  Type  12AU7 


DiHc^ontiniiity 
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Lamp 
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Lamp 

Eleinent-s 
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F, 

Plate  1 

F,.  V„ 

Heater 

F.,  F. 

«-enter-tap 

Plate  2 

will  glow  with  a  nondefective  tube 
under  test. 

A  simplified  schematic  of  the 
continuity-testing  circuit  is  given 
in  Fig.  2.  The  cathfxles  of  the  twin 
triode  under  test  are  grounded  and 
each  grid  and  plate  is  connected  to 
+  540  v  through  an  individual  neon 
lamp  and  .series-dropping  resistor. 
If  continuity  is  not  present  to  a 
given  element,  its  lamp  will  be  out. 
For  simplicity  of  operation  all  neon 
lamps  which  are  not  used  for  the 
particular  tube  type  under  teat  are 
energized  by  connection  directly  to 
^ground,  as  with  V,  and  V,  of  Fig. 
2.  Becau.se  of  the  large  dropping 
resistors  the  current  through  each 
element  and  lamp  is  fixed  at  ap¬ 
proximately  0.13  ma  and  all  lamps 
glow  equally. 

Complete  Tester 

This  tester  was  designed  for 
seven  tube  types  as  shown  .sche¬ 
matically  in  Fig.  3. 

Four  tubes  of  a  given  type  are 
plugged  into  the  board  and  while 
their  heaters  are  being  energize<l, 
the  operator  throws  a  selector 
switch  from  one  to  another  for 
testing.  The  5670,  5718,  5840,  and 
6112  types  have  only  one  .socket 
each  while  grx>ups  A,  li,  C,  and  I) 
are  four-.socket  positions  for  each 
of  the  multiple-testing  types  5654, 
6101,  and  6189  (see  photo).  A  cork 
mallet  is  the  device  u.sed  for  tapping 
tube.s. 

A  2-po.sition  switch  S,  throws 
the  operation  from  short  test  to 
continuity  te.st.  Most  of  the  poles 
of  this  switch  are  u.sed  to  switch 
the  six  neon  lamps  from  the  series 
operation  of  the  former  to  the 
parallel  operation  of  the  latter.  A 
6-position,  8-pole  switch  S,  is  used 
as  the  tube-type  selector,  with  one 


position  for  each  type  except  the 
6189  and  the  5670.  These  are  both 
miniature  twin-triodes  and  are 
combined  in  a  single  switch  posi¬ 
tion.  Most  of  the  poles  of  this 
switch  apply  grounds  to  the  lamps 
not  u.sed  in  continuity  testing. 

Becau.se  of  the  maximum  voltage 
ratings  of  the  various  tube  types 
the  order  of  connections  between 
the  lamps  and  the  tube  elements 
must  be  different  for  some  of  the 
tube  types.  This  requirement  is 
relevant  to  the  short  test  but  as  a 
result  affects  switching  for  the  con¬ 
tinuity  test  al.so.  Charts  are  pre¬ 
pared  li.sting  the  tube  defect  as  a 
function  of  the  neon  lamp  display 
for  both  short  and  continuity  test. 
A  typical  fault  location  chart  for 
the  12AU7  is  shown  in  Table  I. 

Special  Circuit  Details 

Tube  type  5654  has  two  cathode 
connection  pins.  To  test  continuity 
to  both  pins  the  two  are  connected 
in  series  between  V,  and  V,  in  the 
short-test  mode  of  operation.  A 
discontinuity  between  the  two  pins 
breaks  the  series  circuit,  causing 
all  lamps  to  be  extingui.shed.  For 
tube  types  having  a  single  cathode 
terminal  the  connection  between 
F,  and  V,  is  made  by  the  tube-type 
selector  switch  in  the  short-test  op¬ 
eration. 

The  5840  has  three  cathode  pin 
connections.  To  test  continuity  be¬ 
tween  two  of  the  three  pins,  the 
same  technique  as  for  the  5654  is 
u.sed.  Continuity  of  the  third  pin 
connection  is  tested  in  the  con¬ 
tinuity-test  operation.  For  this 
te.st  the  selector  switch  removes 
the  ground  from  the  first  two  cath¬ 
ode  conne<‘tions  and  the  continuity- 
short  .switch  grounds  the  third 
cathode  lead  R  as  show’n  in  F’ig.  3. 

Tube  type  5670  has  an  electro¬ 
static  shield  between  the  triode 
.sections  which  is  brought  out  to  a 
pin  connection.  Ojntinuity  to  this 
shield  is  tested  by  connection  S  to 
V,.  A  limited  amount  of  electron 
flow  from  the  cathcKles  to  the  shield 
occurs  in  a  nondefective  tube,  so 
V,  has  a  partial  glow.  The  shorting 
of  the  shield  to  any  other  element 
is  detected  by  a  full  glow  of  V,  in 
the  continuity-te.st  operation. 

This  work  was  spon.sored  by  the 
AMC,  Wright  Air  F'orce  Base,  un¬ 
der  technical  direction  of  WADC. 
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FIG.  1 — Vacuum-tub*  Q-multipU*r  circuits 
us*  c*nt*r-tapp*<l  coil  or  capacitor  diTidor 


Bf  B-l- 


Transistor  Q-Multiplier 
for  Audio  Frecruencies 

Hi^h  selertivity  an<l  stability  may  be  provitletl  in  amlio-frequency  equip¬ 
ment  that  must  be  portable,  or  in  which  power  is  at  a  premium,  by  use  of 
transistorized  Q-miiltiplier  circuit.  Series-resonant  circuit  is  applied  to  var¬ 
iable-selectivity  a-f  amplifier  and  multichannel  selective-callin"  unit 


Ky  G.  B.  MILLER  The  British  Thomson-Houston  Co.,  Ltd.,  Rugby,  England 


POSITIVE  FEEDBACK  to  increase 
the  .selectivity  of  a  tuned  cir¬ 
cuit  has  been  put  to  use  on  a  sound 
engineering  basis  only  in  recent 
years.  The  literature  gives  all  the 
design  data  for  tube-operated 
Q-multipliers.’  This  article  indicates 
what  modifications  must  be  made 
when  transistors  are  used. 

Theory 

Figure  1  shows  the  basic  Q-mul- 
tiplier  circuit  for  either  a  center- 
tapped  capacitor  or  coil.  The  selec¬ 
tivity  of  this  .stage  is  determined 
by 

Q.  -  -  1«„)  (1) 

where  Q,„  is  the  effective  Q  of  the 
coil  circuit,  Q,  is  the  Q  of  the  coil 
at  the  resonant  frequency  cu.  and 
R4  =  W.LQ..  The  effective  Q,  and 
thus  the  selectivity  of  the  circuit, 
increases  as  Kf  approaches  i  Rt. 
When  Rf  equals  1  the  effective 


Q  becomes  infinite  and  the  amplifier 
is  unstable;  oscillations  occur  for 
all  values  of  Rf  less  than  1  /Z,. 

Equation  1  is  valid  only  on  the 
assumptions  that  the  input  imped¬ 
ance  of  the  tube  is  infinite,  the  out¬ 
put  impedance  is  negligibly  small 
and  g^R,  is  much  greater  than 
unity. 

Figure  2A  .shows  the  form  taken 
by  the  circuit  w’hen  a  transistor  re¬ 
places  the  tube.  Resistors  R,  and 
R,  provide  bias  to  the  base  of  the 
transi.stor  and  C,  prevents  the  bias 
from  being  shorted  out  by  the  coil. 
Since  the  input  impedance  to  the 
transistor  will  not  be  infinite,  Eq.  1 
cannot  be  used  as  it  is. 

The  value  of  R4  as  used  in  Eq.  1 
is  the  dynamic  impedance  of  the 
parallel-tuned  circuit  at  resonance 
and  is  purely  resistive.  The  input 
resistance  at  XX  in  Fig.  2A,  (with 
Rf  and  the  tuned  circuit  discon¬ 


nected  is  given  by  the  following: 

K,  =  1  (1  R,  +  I  +  l/R,)  (2) 

where  Rt  =  /3iZ.,  the  input  imped¬ 
ance  of  the  grounded-collector  tran¬ 
sistor;  )3  is  the  grounded-emitter 
current-amplification  factor. 

The  circuit  of  Fig.  2A  can  then 
be  replaced  by  that  of  Fig.  2B  in 
which  the  transistor  is  considered 
ideal,  with  infinite  input  imped¬ 
ance,  and  L  and  C  are  pure  react¬ 
ances.  Resistance  R,  can  be  treated 
as  a  damping  resistor  which  lowers 
the  Q  and  reduces  iZ,  to  a  lower 
value  R't  where 

/Z'„  =  («„  +  ftj  (3) 

Using  R'4  in  place  of  /Z,  in  Eq.  1 


Derivation  of  Eq.  4  is  not  de¬ 
pendent  upon  the  transistor  having 
infinite  input  impedance.  Since  the 
grounded  collector  stage  also  has 


ELECTRONICS  engineering  edition  — May  9,  1958 


79 


negligibly  small  output  impedance 
and  QmRt  >>  1  is  easily  obtained, 
Eq.  4  can  be  used  for  the  circuit 
of  Fig.  2A.  This  equation  may  be 
used  for  circuits  using  either  tubes 
or  transistors. 

Stability 

The  formulas  derived  with  regard 
to  the  stability  of  tube-type  Q  mul¬ 
tipliers  all  involve  Q..  The  effect  of 
the  finite  input  impedance  of  the 
circuit  using  a  transistor  causes  a 
reduction  in  the  coil  Q;  this  reduc¬ 
tion  must  be  taken  into  account  in 
assessing  the  stability  of  the  cir¬ 
cuit. 

The  greater  the  Q  multiplica¬ 
tion  required  to  achieve  a  specified 
selectivity,  the  lower  the  stability 
will  be.  For  maximum  stability  the. 
value  of  Q.  should  be  as  high  as* 
possible ;  for  -a  given  coil  this  re¬ 
quires  that  R,  be  large.  Unfor¬ 
tunately,  maintenance  of  the  cor¬ 
rect  operating  conditions  with 
changes  of  temperature  requires 
that  R.,  be  as  small  as  possible.  The 
design  must  therefore  be  a  com¬ 
promise  between  these  tw’o  conflict¬ 
ing  requirements. 

Temperature  Effects 

A  change  of  temperature  shifts 
the  operating  point  of  the  tran¬ 
sistor  and  causes  a  change  in  the 
current  amplification  factor  0. 

Normal  methods  of  temperature 
stabilization  cannot  be  used  with¬ 
out  seriously  affecting  the  amount 
of  stable  Q  multiplication  which  can 


Table  1— Conditions  for  Circuit 
Instability 


be  obtained.  It  has  been  found  de¬ 
sirable  to  design  the  stage  for  the 
largest  signal  possible  consistent 
with  a  minimum  value  of  R,.  This 
minimum  is  easily  derived  from  Eq. 
3  and  the  stability  requirement  that 
Q.tt/Q.  <  i  Since  is 

usually  specified  and  is  known, 

Q,  can  be  calculated. 

Let  the  Q  of  the  coil  used  in  the 
tuned  circuit  be  Q.  =  When 

R,  is  shunted  across  the  coil  the  Q 
is  reduced  to  Q\  =  R'JtaJj.  Sub¬ 
stituting  for  Ri  and  R't  in  Eq.  3 
gives 

R,  mi.  -  o,JjQjQ’,/{Q.  -  Q'.)  (5) 

If  the  transistor  .stage  is  de¬ 
signed  for  the  largest  signal  pos¬ 
sible  consistent  with  the  value  of 
R,  given  by  Eq.  5  and  then  operated 
at  a  much  lower  signal  level  than  it 
is  designed  for,  a  reasonable  shift 
in  operating  point  can  take  place 
without  the  transistor  introducing 
di.stortion. 

Referring  to  Eq.  2,  R,  will  be 
reasonably  independent  of  R,  if  /?, 
>>  Ri  and  i?,;  this  is  the  case  for 
most  transistors  if  Ri,  is  kept  rea¬ 
sonably  high.  The  value  of  /8  de¬ 
creases  with  increasing  tempera¬ 
ture  and  thus  R,  will  al.so  decrease 
with  temperature. 

A  reduction  of  R,  causes  a  re¬ 


duction  in  R'i  and  this  reduces  the 
ratio  Q.t,/Q..  An  increa.se  in  tem¬ 
perature  will  not  therefore  lead  to 
instability  but  will  reduce  the  Q- 
multiplication  obtained.  If  this  re¬ 
duction  is  unacceptable,  it  is  neces- 
.sary  to  allow  Rt  to  decrease  with 
temperature. 

Parallel  Operation 

When  two  or  more  .selective  am¬ 
plifiers  tuned  to  independent  fre¬ 
quencies  are  to  be  operated  from 
the  same  signal  source,  as  in  fre¬ 
quency-selective  calling  equipment, 
the  parallel-tuned  configuration 
shown  in  Fig.  2  is  not  suitable. 
Each  tuned  circuit  tends  to  inject 
signals  into  the  adjoining  circuits, 
reducing  adjacent  channel  rejec¬ 
tion. 

This  difficulty  has  been  overcome 
by  the  configuration  shown  in  Fig. 
3.  The  input  is  .serie.s-re.sonant,  as 
seen  from  the  signal  source,  and 
parallel-resonant,  as  seen  by  the 
input  to  the  transistor.  In  this 
arrangement,  each  tuned  circuit 
at  its  re.sonant  frequency  effectively 
shunts  the  input  to  all  the  other 
tun(;d  circuits  greatly  reducing 
the  breakthrough  of  signals. 

Resistance  R.  in  Fig.  3  is  the 
signal  source  resistance;  it  is  ef- 
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fectively  in  series  with  the  coil  and 
must  be  treated  as  part  of  the  coil 
resistance  when  calculating  the 
value  of  Q,.  Thus,  Q,  =  -f- 

Rl)  where  Rt  is  the  resistaxure  of 
the  coil  at  the  resonant  frequency. 

Praetieal  Circuits 

Figure  4A  shows  an  audio-fre¬ 
quency  selective  circuit  suitable  for 
use  either  as  a  c-w’  note  filter  or  as 
one  channel  in  a  multichannel  fre¬ 
quency-selective  amplifier. 

When  /J,  =  1  R't,  Eq.  4  shows 
that  the  circuit  is  unstable  and  will 
oscillate.  The  value  of  resi.stor  R, 
to  give  this  condition  were  calcu¬ 
lated  for  four  different  coils  and 
for  various  values  of  generator  re¬ 
sistance  R..  These  calculated  values 
were  then  compared  with  the  actual 
measured  values  of  R,  in  the  circuit 
for  each  condition  and  coil.  The 
results,  in  Table  1,  indicate  a  close 
correlation  between  calculated  and 
measured  values. 

The  coils  in  Table  I  were  built  up 
into  a  three-channel  a-f  selective 
amplifier  and  connec-ted  as  shown 
in  Fig.  5A;  Fig.  5B  shows  the 
response  of  each  filter.  The  unit 
was  driven  from  a  generator  with 
an  impedance  of  500  ohms.  In  com¬ 
parison  with  a  similar  parallel- 
tuned  unit,  the  adjacent  channel 
rejection  is  much  better. 

VV’ith  a  minor  modification,  the 
circuit  shown  in  Fig.  4A,  can  be 
u.sed  as  a  variable  selective  c-w 
filter;  R,  .should  be  replaced  by  a 
resistor  and  potentiometer  in 
.series.  The  resistor  and  potentiom¬ 
eter  are  each  made  equal  to  the 
minimum  resistance  needed  for  the 
maximum  required  selw-tivity. 

This  minimum  value  is  calculated 
from  Eq.  4,  but  if  maximum  pos¬ 
sible  .selectivity  is  wanted,  this 


value  should  be  made  equal  to 
i  R’4  -f  1  percent.  The  1-percent 
margin  is  usually  sufficient  to  en¬ 
sure  that  the  circuit  does  not 
o.scillate,  but  the  value  may  have 
to  be  adjusted.  The  potentiometer 
acts  as  a  selectivity  control,  with 
maximum  selectivity  corresponding 
to  minimum  potentiometer  resist¬ 
ance;  Fig.  4B  shows  a  typical  .set 
of  selectivity  curv’es  for  various 


(B) 

FIG.  S — Thr*«  channels  oi  multichannel 
selecUre  a-i  amplifier  (A)  u«e  coil  and 
capacitor  comblnatloni  In  Table  I  ior  ttaq- 
qered  resonant  frequencies  (B) 


positions  of  the  potentiometer. 

The  maximum  Q-multiplication 
that  can  be  achieved  with  the 
transistor  Q-multipliers  has  not 
been  fully  determined.  However,  a 
Q  of  1,000  at  200  cps  was  obtained 
without  any  difficulty  using  a  coil 
with  a  Q  of  10. 

Factor  R,  appearing  in  the  ex¬ 
pression  for  R,  covers  a  multitude 
of  troubles,  especially  when  the 
transistor  circuit  is  to  be  used  at 
frequencies  approaching  its  cutoff 
frequency;  for  audio  frequencies  it 
is  generally  sufficient  to  treat  R,  as 
being  purely  resistive,  but  at  higher 
frequencies  the  complete  expression 
must  be  used  and  account  must  be 
taken  of  the  input  capacitance. 

Performattce 

An  experimental  parallel-tuned 
circuit  set  up  for  maximum  selec¬ 
tivity  at  200  kc  gave  an  overall 
bandwidth  of  300  cps;  although  it 
was  completely  stable  against  nor¬ 
mal  temperature  and  voltage  fluctu¬ 
ations,  it  was  possible  to  shock 
excite  it  into  oscillation  after  which 
it  would  continue  to  oscillate.  Tests 
indicate  that  it  is  possible  to  do 
this  at  all  frequencies  with  both 
tube  and  transistor  Q-multipliers; 
it  is  believed  that  this  is  due 
simply  to  driving  the  tube  or 
transistor  into  a  region  of  non¬ 
linearity. 

When  the  Q-multiplication  is  re¬ 
stricted  to  less  than  J  the 

shock  excitation  instability  does  not 
occur.  If  this  restriction  on  the 
amount  of  multiplication  is  ob¬ 
served  and,  in  addition,  the  input 
level  is  kept  small  enough  to  en¬ 
sure  that  the  transistor  is  not  over¬ 
loaded,  trouble  from  this  form  of 
instability  should  not  be  experi¬ 
enced. 

A  temperature  run  was  made  on 
the  unit  shown  in  Fig.  4A  with  the 
temperature  cycled  from  20  to  60  C 
and  back.  Between  20  and  47  C,  no 
measurable  change  in  effective  Q 
was  detected,  but  from  47  to  60 
there  was  a  reduction  of  Q  multipli¬ 
cation  to  S  of  its  initial  value. 

The  resonant  frequency  of  the 
filter  was  not  affected  when  the 
transistor  temperature  was  raised 
from  20  to  60  C. 

Reference 

(1)  H.  E.  Harri.s,  SImplifled  Q  Multi- 
pn«‘r.  Elkctronic*.  p  130,  May  1951. 
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Typical  latt  Mtup  for  chocking  crystals.  Crystal  undor  tost  and  cablo  of  oloctronic  null-indicating  motor  pluggod  into  bridgo  unit 
oro  noxt  to  right  hand  of  oporotor.  Countor-typo  iroquoncy  motor  at  loft  roads  r-f  output  iroguoncy  of  crystol  Impodonco  motor  into 
which  bridgo  is  pluggod.  With  oxcopt^on  of  iroguoncy  moasuring  unit,  no  ouxlliary  oguipmont  is  roguirod 


Plug-in  Bridge  Checks 

Equivalent  parameters  of  overtone  crystals  in  ranjie  of  75  to  200  me  are 
rapidly  measured  with  technique  that  combines  desirable  characteristics  of 
both  active  and  passive  measuring  systems.  Bridge  plugs  into  crystal  socket 
of  standard  crystal  impedance  meter  and  crystal  plugs  into  bridge.  Null- 
indicating  meter  and  frequency  meter  are  only  other  instruments  neede<l 

By  DOUGLAS  W.  ROBERTSON* 

Kesearch  EIngIneer,  Engineering  Experiment  Station,  Georgia  Inntitute  of  Technology,  Atianta,  Georgia 

The  crystal  parameter  bridge  nant  frequencies,  it  is  stabilized  by  minimum  capacitance  or  removed 
described  here  combines  the  the  increa.sed  portion  of  the  feed-  entirely  from  the  circuit  and  all 
characteristics  of  passive  and  ac-  back  that  passes  through  the  crys-  stray  reactances  are  balanced  or 
tive  measuring  systems  for  piezo-  tal  arm  of  the  bridge.  Therefore,  compensated.  Resistor  R,  contains 
electric  vibrators,  by  utilizing  an  the  oscillator  may  be  considered  as  no  reactive  components  and  R,  and 
oscillatory  circuit  and  a  bridge  supplying  a  crystal-stabilized  sig-  are  passive  impedances  of  any 
measurement  configuration  in  such  nal  for  operation  of  the  bridge  near  type  but  are  matched  in  the  fre- 
a  way  that  the  crystal  being  mea-  the  resonant  frequencies  of  the  quency  range  of  interest  for  equiv- 
sured  controls  the  frequency  sta-  crystal.  alence  in  both  magnitude  and  phase 

bility  of  the  oscillator.  ...  angle. 

The  bridge  circuit,  including  the  Finding  Equivalent  Resistance  Resistor  R,  is  initially  set  to  its 

crystal  under  test,  is  inserted  as  a  Operation  of  %he  crystal  param-  minimum-resi.stance  position  and 
series  element  in  the  low-impedance  eter  bridge,  shown  schematically  in  the  oscillator  is  tuned  until  crystal 
feedback  path  of  a  self-controlled  Fig.  1,  may  be  best  understood  control  is  effected.  This  point  is 
oscillator  suitable  for  exciting  a  when  employed  for  the  simple  case  shown  by  a  sudden  dip  in  the  bal- 
resonant  frequency  of  a  quartz  of  determining  the  equivalent  re-  ance  indicator  reading  and  is  the 
crystal  operating  in  the  series  sistance  R,  of  a  crystal  operating  result  of  the  change  in  degree  of 
mode.  When  the  oscillator  is  tuned  at  resonant  frequency  Capaci- 

near  or  at  one  of  the  crystal  reso-  tors  C,  and  C,  are  .set  equal  near  ilowratorles.  A^lanu, 
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unbalance  due  to  the  lowered  crystal  determined  directly  from  the  dial.  With  R.  placed  in  the  circuit,  re¬ 
impedance  near  resonance.  Increas-  In  the  vhf  range,  the  most  severe  balance  with  R,  and  frequency  as 
ing  R,  at  this  point  decrea.ses  the  requirement  of  a  practical  bridge  variables.  This  yields  /.  and  R,  = 

minimum  reading  as  the  voltage  .system  is  that  imposed  on  the  /?,.  Decrease  C,  by  aC,  and  rebal- 

drop  across  R,  approaches  that  variable  resistor  R,.  This  resist-  ance  with  R,  and  frequency  as  vari- 

acro.ss  the  crystal.  Slight  retuning  ance  must  have  near  zero  reactance  ables.  This  gives  /,  and  R,  =  R,. 

of  the  o.scillator  will  further  de-  over  the  frequency  range  of  inter-  The  measured  parameters  C„  R^ 

crea.se  the  minimum  as  the  two  est.  Resistances  exhibiting  a  satis-  /,  and  /,  are  now  substituted  in  the 

voltages  become  more  nearly  equal,  factory*  pha.se  angle  have  been  first  equation  for  Q  in  Fig.  1,  where 

Repeating  this  proce.ss  of  alter-  developed.*  These  resistors  cover  a  the  figure  of  merit  M  is  equal  to 

nately  tuning  the  oscillator  and  R,  frequency  range  of  75  to  300  me  1/coC.R,  and  A/  is  equal  to 
for  a  minimum  reading  will  bring  and  a  resistance  range  of  20  to  200  Although  this  equation  is  double- 
each  successive  dip  closer  to  zero  ohms.  '  valued,  the  correct  value  is  obtained 

until  the  bridge  is  brought  into  by  using  the  negative  sign.  With 

balance  and  the  vector  voltage  dif-  Determining  Other  Parameters  values  of  L,  and  C,  are  now 

ference  is  zero.  At  this  time,  the  The  following  procedure  for  util-  readily  obtained  from  the  other  two 
crystal  is  operating  at  the  minimum  izing  the  bridge  and  companion  equations  for  Q  in  Fig.  1. 
zero-reactance  impedance  which  de-  o.scillator  of  Fig.  1  can  be  used  to 

fines  operation  at  the  re.sonance  determine  the  desired  parameters.  Construction  Details 

frequency  /,.  The  resistance  of  R,  With  R,  and  the  crystal  removed  Several  developmental  models  of 
is  equal  to  the  equivalent  resonance  from  the  bridge  and  with  C,  .set  the  crystal  parameter  bridge  have 
sistance  R,  of  the  crystal  and  may  close  to  minimum,  balance  with  C,  been  made.  The.se  models,  contain- 
l)e  read  directly  if  R,  is  calibrated,  as  the  variable  at  a  frequency  near  ing  suitable  detectors,  are  con- 

In  a  similar  manner,  the  .series  the  series-arm  resonant  frequency  structed  as  small  self-contained 

arm  resistance  R,  and  the  series  /. ;  C,  will  then  equal  C,.  Place  the  units  capable  of  being  plugged  into 

re.sonant  frequency  /.  may  be  de-  crystal  in  the  bridge  at  a  frequency  the  crystal  socket  of  a  suitable  crys- 
termined.  This  is  accomplished  by  adjacent  to  /.  such  that  the  ad-  tal  impedance  meter  oscillator.  The 

initially  balancing  the  holder  ca-  mittance  of  the  series  arm  is  insig-  pyramidal  shape  of  the  bridge  re- 

pacitance  C.  with  an  equal  capaci-  nificant  when  compared  with  that  of  suited  from  an  attempt  to  eliminate 
tance  C\  across  R,.  If  C,  is  cali-  C,.  Rebalance  the  bridge  with  C,.  cross-coupling  by  arranging  all  of 
brated,  the  value  of  C.  may  be  Then  aC,  equals  C,.  the  components  to  be  nearly  per- 
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Top  and  bottom  tIows  oi  pluq-la  brldq*  unit.  Slotted  door  plastic  rods  ponnit  adiustmont  oi  ▼ariablo  rosUtor  and  copacitora  in  bridqo. 
Crystal  it  at  upptr  right,  shi  rstittor  at  upp«r  Uit.  Ci  and  Ca  adinttmonti  at  bottom  cantor  and  Cr  and  Ct  odiuttmants  ot  lowor  loit 
ond  right  ratpactiaaly  in  bottom  Tiaw.  Unit  parmita  maoauromant  oi  oil  aqulTalant  circuit  paramatara  oi  a  quarts  crystal 


pendicular  within  the  limits  set  by 
size,  accessibility  and  lead  length. 

Capacitors  C,  and  C,  couple  the 
unbalance  output  of  the  bridge  to 
the  germanium  diode  detector. 
Since  these  capacitors  must  be  ac¬ 
curately  balanced  they  are  made 
variable.  The  required  detector  load 
and  filter  are  provided  by  R„  R„  C„ 
Cs  and  the  null  indicator  input  im¬ 
pedance. 

The  rectified  output  of  the  detec¬ 
tor  is  fed  by  cable  to  a  .sensitive  null 
indicator.  The  physical  separation 
of  the  bridge  and  oscillator  allows 
use  of  the  bridge  with  different 
oscillators. 

Crystal  Impedance  Meter 

The  possibility  of  using  the  tube 
transit  time  and  detuning  to  obtain 
proper  loop  phase  led  to  the  con¬ 
struction  of  the  developmental  crys¬ 
tal  impedance  meter  circuit  of 
Fig.  2. 

Used  primarily  for  a  substitution 
sy.stem  in  the  very-high-frequency 
range,  this  unit  covers  a  frequency 
range  of  75  to  200  me  for  equivalent 
crystal  resistances  up  to  200  ohms. 
Two  stages  of  amplification  are 
used  to  increa.se  the  kx)p  gain.  Two 
difficulties  associated  with  the 
practical  realization  of  the  circuit 
configuration  are  proper  tracking 
of  the  tuned  circuits  and  the  addi¬ 
tional  180  deg  pha.se  shift  normally 
attributed  to  the  addition  of  a 
second  amplifier. 

A  novel  method  was  utilized  to 
eliminate  the  tunable  interstage 


FIG.  1 — Bridge  circuit  and  equation*  u*ed 
with  test  results  to  giee  desired  para¬ 
meters.  Bridge  plugs  into  crystal  socket 
oi  impedance  meter  or  oscillator 


transformer  required  to  compensate 
for  the  additional  180-deg  phase 
shift.  Data  on  the  magnitude  of 
transit  time  pha.se  shifts  indicate 
that  the  6AK5  exhibits  a  pha.se 
shift  of  approximately  0.8  deg  per 
me.  At  150  me  the  total  transit 
time  pha.se  shift  for  both  tubes  will 
therefore  be  near  90  deg.  It  is  then 
immaterial  whether  or  not  a  pha.se 
reversal  is  provided  by  the  inter¬ 
stage  transformer,  as  equal  detun¬ 
ing  would  be  required  in  either  ca.se 
to  give  zero  loop  pha.se  shift.  This 
characteri.stic  permitted  a  simple 
re.sonant  coil  to  be  substituted  for 
the  tunable  interstage  transformer. 

The  o.scillator  uses  a  three-gang 
Mallory  spiral  Inductuner  for  the 
variable  'nductances.  The  tuner 
was  modified  by  removing  the  last 


SIX 


turn  of  the  central  spiral  section. 
This  modification  provides  the  cor¬ 
rect  interstage  inductance  to  track 
satisfactorily  with  the  other  two 
sections. 

With  the  exception  of  the  related 
power  and  control  circuits,  the  cir¬ 
cuitry  and  components  are  mounted 
on  the  modified  tuner  enclosure  it¬ 
self.  To  minimize  ground-lead  r-f 
currents,  the  center  posts  of  the 
tube  .sockets  are  connecte<l  directly 
to  the  tuner  ground  plane  and  these 
two  ptiints  are  used  as  central 
ground  points  where  possible. 

The  succe.saful  operation  of  the 
two-stage  line-coupled  oscillator 
with  its  high  gain  is  dependent  to  a 
large  extent  upon  the  physical  ar¬ 
rangement  of  the  components.  This 
arrangement  permits  extremely 
short  leads  and  proper  shielding  or 
isolation  by  the  various  .sections  of 
the  circuit.  Small  disk  ceramic  ca¬ 
pacitors  were  connected  directly 
from  the  tube-.sovket  terminals  to 
the  center  po.st  ground  point  for  by¬ 
pass  purpo.ses.  All  power  and  control 
leads  are  bypa.s.setl  at  the  tuner  en¬ 
closure  with  ceramic  fee<l-through 
capacitors,  which  .serve  as  mounts 
for  the  various  decoupling  resistors 
and  chokes. 

The  power  supply  converts  the 
115-v  a-c  to  the  required  d-c  plate 
and  screen  voltages.  These  d-c 
voltages  are  regulated  by  two  volt¬ 
age  regulator  tubes.  An  external 
control  is  provided  for  adjustment 
of  the  screen  voltage  as  a  method 
of  controlling  the  drive  or  power 
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FIG.  2 — Circuit  of  doTolopmont  crystal  Impodanco  meter,  which  may  be  used  cofiTentionally  with  test  crystal  in  position  shown, 
or  in  new  method  by  inserting  bridge  in  place  of  crystal.  Rear  Tiew  of  instrument  is  shown  alongside  circuit 
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dissipated  in  the  crystal.  The  fre¬ 
quency  of  the  oscillator  is  varied  by 
tuning  through  a  suitable  gear  re¬ 
duction  to  provide  the  necessary 
vernier  adjustment.  A  .sensitive  d-c 
meter  is  provided,  with  a  variable 
shunt,  to  indicate  relative  activity 
at  high  as  well  as  at  low  drives.  A 
coaxial  jack  provides  a  sample  of 
the  r-f  energy  for  frequency-mea¬ 
suring  purposes.  The  entire  unit 
is  enca.sed  in  a  steel  cabinet  for 
shielding  and  protective  purp<wes. 

Cheeking  Accuracy 

Because  preci.se  standards  for 
measuring  crystal  parameters 
above  100  me  are  pre.sently  unavail¬ 
able,  the  probable  accuracy  of  the 
bridge  method  was  determined  on 
a  comparative  basis.  Measurements 
on  a  number  of  representative  crys¬ 
tals  covering  a  frequency  range  of 
100  to  175  me  and  a  resistance 
range  of  20  to  120  ohms  were  made 
independently  with  several  differ¬ 
ent  substitution  methods.  The.se 
crystals  were  then  measured  with 
the  crystal  parameter  bridge  and 
developmental  o.scillator.  The  erj’s- 
tal  parameter  bridge  measurements 
were  then  compared  to  the  substitu¬ 
tion  measurements  which  in  each 
case  displayed  the  greatest  devia¬ 
tion  from  the  bridge  measurements. 
The  parameters  compared  were  the 
resonance  resistance  R„  the  reso¬ 
nance  frequency  f„  the  series  re.so- 
nance  resistance  R,  and  the  series 
resonance  frequency  f.. 

Of  a  total  of  26  frequency  mea¬ 
surements,  20  were  at  or  within 
0.001  percent,  4  were  between  0.001 
percent  and  0.002  percent  and  2 
were  above  0.002  percent,  the  high¬ 
est  deviation  being  O.OOIU  percent. 
Sixteen  of  these  measurements 
were  at  frequencies  above  150  me. 

Of  a  total  of  26  resistance  mea¬ 
surements,  21  were  within  5  ohms 
or  10  percent,  4  were  between  10 
and  20  percent,  and  one  displayed  a 
difference  of  approximately  :?0  per¬ 
cent  (175  me  at  100  ohms).  Twelve 
of  these  were  aljove  50  ohms. 

Considering  that  the  crystal 
drive  or  power  could  not  be  accu¬ 
rately  determined  or  reproduced 
and  that  the  comparisons  were 
made  to  those  having  the  largest 
discrepancy,  the  deviations  exper¬ 
ienced  were  not  unexpected.  How¬ 
ever,  the  results  did  indicate  that 


the  measurement  accuracy  of  the 
bridge  was  comparable  to  that  ob¬ 
tained  by  other  active  methods. 

Crystal  Aging  Measurements 

Although  the  cry.stal  parameter 
bridge  was  developed  primarily  for 
use  at  frequencies  above  75  me,  its 
effectivene.ss  at  lower  frequencies 
was  adequately  demonstrated  when 
u.sed  in  connection  with  a  crystal 
aging  program  being  conducted  at 
Georgia  Institute  of  Technology. 
The  aging  drifts  under  .study  were 
obscured  by  the  inaccuracies  and 
randomness  of  the  frequency  mea¬ 
surements  made  with  conventional 
susbtitution  measurement  proced¬ 
ures. 

The  crystal  parameter  bridge 


FIG.  3 — CoraporUon  oi  results  obtained 
with  older  substitution  method  and  new 
crystal  parameter  bridqe  method,  when 
checklnq  aglnq  oi  crystals.  Hiqh  accuracy 
oi  new  method  qlses  smoother  cunre 
more  nearly  representatlee  oi  true  be- 
haeior  oi  crystal 


measurements,  consistently  accur¬ 
ate  to  one  part  in  10’  at  16  me, 
matched  the  quality  of  the  resona¬ 
tors  being  produced  and  made  po.s- 
sible  studies  of  previously  concealed 
factors  in  the  aging  of  quartz  crys¬ 
tal  resonators.  A  typical  aging 
curve  obtained  with  the  bridge  sys¬ 
tem  is  compared  in  Fig.  3  with  one 
obtained  by  the  sub.stitution 
method. 

Becau.se  of  the  number  of  re¬ 
peated  measurements  necessary  on 
a  large  number  of  crystal.s,  an  addi¬ 
tional  advantage  was  realized  in  the 
rapidity  and  simplicity  of  bridge 
measurements.  A  reduction  in 
measurement  time  from  approxi¬ 
mately  5  minutes  to  less  than  2  min¬ 
utes  per  crystal  was  obtained. 

Although  efforts  were  made ,  to 


develop  a  practical  system  using  the 
bridge  method  that  would  measure 
crystals  up  to  200mc  at  200  ohms, 
the  present  models  have  definite 
limitations.  Primarily,  the  crystal 
parameter  bridge  in  its  present 
state  of  development  is  a  lumped- 
element  bridge  and,  as  in  conven¬ 
tional  bridges,  such  construction  is 
generally  un.satisfactory  above  150 
me. 

Another  limitation  that  occurs 
above  150  me  is  due  to  the  crystal 
holder  capacitance  C.  and  its  asso¬ 
ciated  bridge  balancing  capacitance 
C,.  As  the  frequency  is  increased 
the  reactances  of  the  feedback  paths 
due  to  C.  and  C,  become  lower. 
This,  in  effect,  decreases  the  pro¬ 
portional  amount  of  crystal-con¬ 
trolled  feedback  and  .satisfactory 
.stabilization  of  the  oscillator  is  not 
obtained. 

A  third  major  limitation  is  that 
the  commonly  accepted  equivalent 
circuit  no  longer  adequately  repre¬ 
sents  present  vhf  crj'stal  units.  The 
holder  appears  to  cause  the  primary 
difficulty  in  that  it  contributes  re¬ 
actances  and  resistances  at  the 
higher  frequencies  that  can  no 
longer  be  neglected.  The  complexity 
of  the  equivalent  circuit  is,  there¬ 
fore,  greatly  increased. 

Several  methods  of  overcoming 
the.se  practical  limitations  are  pre¬ 
sently  being  investigated.  A  hybrid 
coaxial  bridge  using  balanced  di¬ 
rectional  couplers  is  being  devel¬ 
oped  to  eliminate  some  of  the  diffi¬ 
culties  of  a  lumped  element 
arrangement.  A  method  of  counter¬ 
acting  the  feedback  due  to  C.  and 
C,  with  a  plan  similar  to  that  u.sed 
in  capacitance  bridge  oscillators  is 
under  .study. 

The  development  reported  herein 
was  supported  by  the  SCEL  under 
Contract  No.  DA-36-039-sc-56730. 
Reproduction  in  whole  or  in  part  is 
permitted  for  any  purpose  of  the 
U.  S.  Government. 
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Phase-Shift  Curves 


Curves  permit  quick  determination  of  unknowns  in  phase,  gain  and  fre¬ 
quency  interrelationship  in  lead  and  lag  networks  for  feedback  amplifiers. 
Component  values  can  then  he  selected  hy  choosing  one  of  three  values 
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Lead  and  lag  networks  of  the 
I  type  shown  in  Fig.  lA  and 
IB  are  commonly  used  for  com¬ 
pensation  in  feedback  amplifiers. 
The  attenuation  characteristics 
of  these  networks  are  shown  in 
Fig.  1C  using  straightline  ap¬ 
proximation  for  convenience. 

The  maximum  phase  shift  ob¬ 
tainable  from  the.se  netw’orks  is 
a  function  of  gain  (<1)  of  the 
lead  network  at  low  frequen¬ 
cies  and  of  the  lag  network  at 
high  frequencies.  The  following 
method  can  be  used  for  deter¬ 
mining  the  amount  of  shift  avail¬ 
able  for  a  given  attenuation  or 
vice  versa  and  the  frequency  at 
which  this  shift  occurs. 

For  the  lead  network  in  Fig. 
1,  the  transfer  function  is: 

A’,=»ai[(l u>ci)l,  “<-i)| 

where  a,  =  RJ(R,  +  R.),  which 
is  the  low-frequency  gain;  cu.,  = 


INPUT  1*1  OCTPUT  OUTPUT 


w  ILOC  SCALCI 

FIG.  1— L«od  and  laq  natwork*  a1  (A) 
and  (B)  ratult  in  qaini  shown  o1  bottom 
of  C  and  phase  angles  shown  at  top 
of  (C) 


l/R,  C„  which  is  the  lower  corner 
frequency  in  radians  per  sec  and 
o)ci/a,  is  upper  corner  frequency 
in  radians  per  sec. 

The  maximum  phase  shift  is 
given  by: 

=fan“‘( I,  Vat)  —tun"' Va' 
and  occurs  at  the  geometric  mean 
of  the  corner  frequencies,  so  that 
co/oj„  =  l/\/“-  Figure  2  shows 
and  corresponding  values  of 
€o/<i»„  compared  to  a,. 

For  the  lag  network  shown  in 
Fig.  IB,  the  transfer  function  is: 

A’»;  =  (1 Urt))/ (I ajMrt)l 

where  a,  =  RJiRi  +  R.),  which 
is  the  high  frequency  gain; 
a»„  =  which  is  the  upper 

comer  frequency  in  radians  per 
sec  and  a^otrt  is  the  lower  corner 
frequency  in  radians  per  sec. 

The  maximum  phase  shift, 
is  given  by  <l>„,  =  if 

a,  is  substituted  for  a,.  There¬ 
fore  the  maximum  phase  shift 
curve  in  PTg.  2  is  correct.  <1)», 
occurs  again  at  the  geometric 
mean  of  the  corner  frequencies, 
where  <o  =  or  = 

l/\/«T-  Since  the  ratio  of  the 
frequency  for  maximum  phase 
shift  to  the  lower  corner  fre¬ 
quency  is  \l\Ja  for  Ixjth  net- 
work.s,  the  second  curve  of  Fig.  2 
is  correct  also. 

Examples 

Assume  that  a  network  is  re¬ 
quired  to  produce  a  phase  lead  of 
50  deg  at  600  cps.  How  much 
gain  will  result  and  what  com¬ 
ponents  can  be  u.sed? 

At  <l>m  =  50  deg  on  the  max- 


003  009  oor  OU  02  03  09  OlT  I 

1.0*-FNtOUtNCT  GAIN  OF  LfAO  NtTWONF  0« 
MlGM.FNOuCNCy  GAIN  OF  LAG  NCTWONA,  A 

FIG.  2 — R*lation«hip  oi  phaie  ■hilt  to 
gain  •nabl**  us«r  to  dotermine  w/ui. 


imum  phase  shift  curve,  a,  = 
0.135.  With  o.  =  0.135,  on  the 
.second  curve  <o/a»„  =  2.7.  Sub¬ 
stituting,  lort  =  2Tr600/2.7,  which 
equals  1  R,  C„  and  a,  =  0.135  = 
RJ(R,  -t-  R,)  one  variable  can 
be  .selected  and  the  others  de¬ 
termined.  If  C,  =  1  pf,  then  Rt  = 
716  ohms  and  R,  =  112  ohms. 

If  a  lag  network  is  required  to 
have  a  pha.se  shift  of  60  deg  and 
gain  of  0.1  or  more  at  high  fre¬ 
quencies,  is  a  network  of  the  tyiie 
shown  in  Fig.  IB  possible? 

From  the  curves,  a  pha.se  shift 
of  60  deg  will  produce  a  gain  of 
0.071.  Therefore  the  desired  net¬ 
work  is  not  possible.  However, 
if  two  networks  are  u.sed  each 
with  a  phase  shift  of  30  deg  and 
isolated  by  a  buffer  stage,  the 
effective  gain  of  the  networks 
will  be  0.109.  A  cathode  follower 
could  be  u.sed  for  the  stage  be¬ 
tween  the  networks. 
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Mow—guaranieed  procficof  Indutfante  limits  for  regular 
and  frequensy^stablllxed  permalloy  powder  cores 


And  you  know,  too,  that  temperature  stabilization  eliminates 
difficult  compensation  problems. 

But  did  you  know  that  we  guarantee  these  new  inductance 
limits  for  all  of  our  permalloy  cores,  whether  stabilized  or 
not?  For  all  the  facts,  write  us  at  Magnetics,  Inc.,  Dept,  £-47, 
Butler,  Pennsylvania. 


Call  them  frequency-stabilized  or  temperature  stabilized,  the 
important  thing  about  these  new  molybdenum  permalloy 
powder  cores  made  by  Magnetics,  Inc.,  is  our  guarantee  of 
core  inductance  within  realistic  limits.  You  can  write— right 
now— for  these  guaranteed  limits. 

Filter  circuit  designers  will  take  note  that  these  guaranteed 
limits  for  permalloy  powder  cores  are  far  tighter  than  those 
published  before.  Note  also  that  they  are  guarantees  on  in¬ 
ductance  which  is  the  parameter  of  chief  concern  to  the  core 
user  rather  than  on  permeability. 

This  can  save  you  dollars  on  your  production  line— by  cut¬ 
ting  down  on  adjustment  of  number  of  windings  on  coils. 


maeaeTics  ine. 
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Transistor  H-F  Cutoff 
Nomograph 

When  either  alpha  cutoff  freijiiency  fa  or  maximum  oscillation  fre(|uency 
/u.m  are  specified,  chart  permits  easy  conversion  from  one  to  the  other.  Vi  ith 
value  of  fm,x  known,  maximum  power  gain  at  any  fre<piency  can  he  foun<l 

By  H.  E.  SCHAl  WECKER  Gilflllan  Bros.  Inc.,  Los  .Xngeles,  California 
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Transistor  alpha  cutoff 
frequency  which  results 
from  the  finite  diffusion  time  of 
charge  carriers  through  the  base 
region  is  one  of  two  character¬ 
istics  that  limit  high-frequency 
performance.  The  frequency 
characteristic  of  alpha  is  repre¬ 
sented  approximately  by 

a  =  a„/  ( 1  -f  JO)/ o>a) 

Collector  capacitance  C„  the  ca¬ 
pacitance  across  the  collector  to 
base  junction,  also  limits  the 
maximum  frequency  of  opera¬ 
tion. 

For  most  transistors,  alpha  is 
approximately  equal  to  unity 
and  maximum  oscillating  fre¬ 
quency  is  approximated  by 

Uax  =  (/a/25.1«»C.)‘'* 
or  in  terms  of  /, 

fa  = 

Since  some  manufacturers 
specify  fa  and  others  con¬ 
version  from  one  to  the  other 
is  desirable. 

Practical  Examples 

When  /,  is  20  me,  /?,  is  40 
ohms  and  C,  is  10  ^t^/,  /*.,  is  de¬ 
sired.  A  straight  line  is  drawn 
between  the  two  points  f,  =  20 
me  and  /?,  C,  =  400  or  0.4 

millimicroseconds.  The  value  for 
is  read  from  the  left-hand 
.scale  as  44  me. 

A  transistor  with  an  of 
10  me  and  an  /?,  C,  product  of 
2,000  (ifisec  or  2  m^isec  is  avail¬ 


able.  It  is  desired  to  determine 
the  beta  cutoff  frequency  for  this 
transistor  for  which  /,  is  re¬ 
quired.  Referring  to  the  nomo¬ 


gram,  a  straight  line  is  drawn 
through  =  10  me  and  R,  C, 
=  2  n^sec.  The  line  intersects 
the  center  scale  at  /.  =  5  me. 
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new  vinyl  plastic  tape  for  total  adhesion 


In  spite  of  technological  advances  in  electricity 
and  electronics  that  stagger  the  imagination,  the 
past  few  decades  have  seen  little  progress  in  the 
science  of  insulating  tape  manufacture.  The  electri¬ 
cal  tapes  of  today  have  been,  until  now,  substan¬ 
tially  the  same  as  they  were  in  1920  .  .  .  and  some 
of  them  are  pretty  good,  no  question  about  it. 

In  the  1940’s,  however,  there  was  one  break; 
spurred  by  the  needs  of  modem  electronics,  plastic 
tapes  —  polyvinyl  chloride  sheetings,  plasticized 
and  adhesive  coat^  —  came  into  limited  use.  Since 
then,  again,  plastic  tapes  have  improved  but  slowly. 

Now,  in  1958,  Plymouth  Rubber  Company, 
Inc.,  manufacturer  of  quality  rubber  and  plastic 
products  since  1896,  has  at  last  broken  the  vinyl 
tape  barrier.  After  years  of  laboratory  research  and 
months  of  testing  in  the  field  under  the  most  ex¬ 
treme  conditions,  slipknot  #7  plastic  electrical 
TAPE  is  ready  for  use. 

Here  at  la.st  is  a  vinyl  tafje  you  know  you  can 
depend  on.  ZF-90*  in.separably  fuses  adhesive  to 
vinyl  base;  they  cannot  come  apart,  and  therefore 
will  not  dry  out.  This  is  total  adhesion,  making 
splicing  easier,  .swifter,  surer  than  ever  before.  New 
Slipknot  r7  has  a  wider  temjx'rature  working 
range,  too,  than  other  plastic  tapes. 

There  has  been  a  great  need,  also,  for  a 
method  of  cutting  plastic  tape  easily,  and  eliminat¬ 
ing  the  waste  caused  by  stretching  and  thinning  the 
next  .several  inches  on  the  roll. 


‘Plymouth's  formula  for  total  adhesion 


Plymouth  solves  this  problem  handily  with  a 
new  tape  cutter  (pat.  pending)  packed  in  every 
66-foot  can?  It  rides  the  roll  of  tape,  and  fits  snugly 
within  the  core  when  not  in  use. 

All  of  SLIPKNOT  #7  PLASTIC  ELECTRICAL  TAPE’s 
properties  so  far  exceed  previous  specifications  for 
vinyl  electrical  tape  that  it  is  truly  felt  to  be  revo¬ 
lutionary  in  the  field.  It  is  available  from  stock  at 
your  distributor’s  in  width,  and  can  be  had  on 
special  order  in  any  width.  It  carries  the  UL  label, 
of  course.  This  new  tape  has  successfully  passed  the 
most  rugged  laboratory  and  field  tests  ever  devised. 
It  will  pass  all  of  yours,  too.  Here  are  some 
of  the  specifications: 


1  PHYSICAL  PROPERTIES  | 

ELECTRICAL  PROPERTIES  | 

Thickness 

.007''±.001* 

Dielectric  Strength 
ASTM  Method 

10,000  volts 
minimum 

Tensile  Strength 

25  lbs  / 
inch  width 

Power  Factor  at 

60  Cycles 

.07 

Elongation  At  Break 

150% 

minimum 

Power  Factor  at 

10*  Cycles 

.03 

Adhesion  to  Highly 
Polished  Surface 

30  02  / 
inch  width 

Dielectric  Constant 
at  60  Cycles 

32 

Adhesion  to  Backing 

28  02./ 
inch  width 

Dielectric  Constant  at 
10*  Cycles 

2.3 

Transfer  of  Adhesive 

Hone 

Insulation  Resistance 

500.000 
Megohms  | 

ktoisture  Vapor 
Transmission 

2.5  gms./ 

100  sq.  in/ 

24  hours 

Electrolytic  Corrosion 
Factor 

.0  1 
_ 1 

Data  given  represents  averages  and  should  not  be  taken  as  maximum 
or  minimum  for  specification  purposes. 


You  are  invited  to  write  for  a  generous  trial  roll 
of  SLIPKNOT  #7,  on  your  business  letterhead,  to 


PLYMOUTH  RUBBER  COMPANY,  INC. 

Makers  of  SLIPKNOT  FRICTION  TAPE 

DIVISION  21  CANTON.  MASSACHUSETTS 
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ELECTRONS  AT  WORK 


Crt  Images  Persist  for  Days 


Cathode-ray  oscilloscopes  are  char¬ 
acterized  by  the  disadvantage  of 
relatively  short  persistence.  Evalua¬ 
tion  of  transient  phenomena  is  diffi¬ 
cult  because  of  the  short  time  that 
curves  remain  legible. 

Toward  the  end  of  WW  II,  use 
was  made  of  blue-writing  oscillo¬ 
scopes.  But  these  fell  into  commer¬ 
cial  in.significance  in  the  post-war 
years.  German  engineers  dug  out 
old  files  and  began  production  of  a 
blue-writing  crt.  It  is  to  be  incorpo¬ 
rated  into  the  design  of  a  blue¬ 
writing  oscilloscope  marketed  by 
Wandel  &  Goltermann,  of  Reutlin- 
gen,  Germany. 

The  rectangular  front  screen  of 
the  tube  is  backed  by  a  mica  screen 
coated  on  its  inner  side  with  a  layer 
of  potassium  chloride.  The  front 
surface  of  the  mica  is  covered  with 
a  transparent  current-conductive 
erase  coating  provided  with  termi¬ 
nals  for  connection  to  a  source  of 
power. 

As  the  beam  of  electrons  gener¬ 
ated  by  the  electron  gun  wanders 


across  the  screen,  it  will  leave  a 
violet-blue  trace  because  of  the  po¬ 
tassium  chloride  changing  color  un¬ 
der  the  influence  of  the  electrons. 
The  trace  will  remain  legible  on  the 
screen  for  hours  and  days,  it  is 
claimed.  It  can  be  erased  at  will 
by  passing  current  through  the 
transparent  layer  deposited  on  the 
mica  screen. 

The  recorder  unit  has  a  built-in 
deflection  amplifier  (frequency 
from  zero  to  10  kc)  to  give  deflec¬ 
tion  factors  up  to  3.3  x  10*  mv  per 
cm.  Sweep  time  can  be  varied  be¬ 
tween  0.01  and  3  seconds.  The  use¬ 
ful  recording  speed  is  some  1,280 
feet  per  second  in  ten  lines  spaced 
5/16  inch  apart. 

The  time  required  to  erase  the 
complete  image  screen  is  about  30 
seconds;  single  lines  can  be  indi¬ 
vidually  erased  one  after  the  other 
so  that  continuous  recordings  can 
be  made. 

Image  definition  is  said  to  be 
sharp  enough  to  permit  photo¬ 
graphic  records  to  be  made. 


Technique  Finds  Tube  Resonances 

By  R.  B.  TATGE 

Mechanical  EhiKlneering  Lab. 

General  Electric  Co. 

Schenectady,  N.  Y. 

Vacuum  tubes  are  often  required 
to  operate  in  environments  having 
high  vibration  levels.  This  can 
lead  to  two  types  of  malfunction, 
which  may  occur  singly  or  together. 

The  first  is  generation  of  spuri¬ 
ous  signals  (microphonics)  because 
of  relative  motion  between  the  vac¬ 
uum  tube  electrodes.  The  support 
structures  in  the  tube  (particu¬ 
larly  mica  spacers)  loosen  more  as 
the  tube  elements  vibrate.  Thus 
electrode  movement  increases  with 
the  same  level  of  vibration  as  the 
tube  ages. 

The  second  type  of  malfunction 
is  physical  damage  to  the  tube,  such 
as  cracking  of  the  envelope  or  loss 
of  oxide  from  the  cathode.  Such 
failures  may  occur  with  little  or  no 
warning. 

These  factors  make  it  desirable 
to  choose  tubes  whose  electrodes 
have  low  mobility  and  whose  reso- 


FIG.  1 — Accelerometer  is  used  os  a  sens¬ 
ing  deyice  to  maintain  constant  accelera¬ 
tion  of  shako  table  as  it  is  swept  in 
frequency 

nances  do  not  coincide  with  vibra¬ 
tion  frequencies  in  the  tube’s  socket 
and  mounting  structure. 

A  direct  measurement  of  the 
response  of  a  vacuum  tube  electrode 
to  a  given  forcing  function  applied 
to  the  completed  tube  would  be  diffi¬ 
cult,  perhaps  involving  x-ray  mi¬ 
croscopy.  An  indirect  measurement 
technique  has  been  developed  using 
commercially  available  equipment. 
Relative  response  of  an  electrode 


as  a  function  of  the  applied  fre¬ 
quency  can  be  readily  measured. 

Using  this  technique,  the  tube  is 
rigidly  mounted  on  a  shake  table 
whose  acceleration  is  held  constant 
as  frequency  is  swept.  A  feedback 
loop  is  used  with  an  accelerometer 
on  the  table  used  as  the  sensor.  The 
tube  filament  is  heated  by  a  battery 
to  minimize  hum  pick-up. 

A  capacitance  bridge,  connected 
to  two  tube  elements,  is  balanced 
with  the  shake  table  excitation  off. 
At  this  time,  the  bridge  sees  a  ca¬ 
pacitance,  C„  which  is  the  sum  of 
the  tube  interelectrode  capacitance 
and  the  cable  capacitance  (which  is 
fixed).  When  the  table  is  shaken, 
the  tube  elements  vibrate,  and  the 
capacitance  seen  by  the  bridge  may 
be  expressed  as 

C  =  C.  -1-  aC  sin<ut 
where  AC  is  the  peak  change  in 
capacitance  due  to  electrode  dis¬ 
placement  and  oj  is  the  angular  fre¬ 
quency  applied  to  the  shake  table. 
The  bridge  output  is  an  a-c  signal 
proportional  to  aC. 

Since  the  object  is  to  locate  reso¬ 
nances  in  the  tube  structure,  it  is 
desirable  that,  in  the  absence  of 
resonances,  the  bridge  output  be 
constant  over  the  frequency  range. 
Since  shake  table  acceleration  is 

Small  Scale 
Countermeasure 


Unusual  hsadqear  la  actually  a  horn  an¬ 
tenna  mounted  on  a  helmet  for  picking  up 
signals  from  aircraft  navigation  or  bomb¬ 
ing  radars.  It  enables  Ground  Obserrer 
Corps  personnel  to  detect  aircraft  more 
than  100  miles  away.  Output  of  elght- 
tronsiator  amplifier  Is  supplied  to  earplug 
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REGULATION 

and 

STABILITY 


SHORT  CIRCUIT  PROTECTED 


for  the  most  complete  line  of  POWER  SUPPLIES 


MeMSC-lM-M 


REGULATION  (for  line  or  load)  0.1%  or  0.003  Volts 
(whichever  is  greater) 

RIPPLE:  1  mv.  rms. 

RECOVERY  TIME  50  microseconds 

STABILITY  (for  8  hours)  0.1%  or  0.003  Volts 
(whichever  is  greater) 

TEMPERATURE  COEFFICIENT  0.05%  per  »C.  Am¬ 
bient  operating  temperature  50’C  maximum.  Over¬ 
temperature  protection  included.  Unit  turns  off  when 
over-temperature  occurs. 

SHORT  CIRCUIT  PROTECTION:  NO  FUSES  CIRCUIT 
BREAKERS  OR  RELAYS!  Designed  to  operate  con¬ 
tinuously  into  a  short  circuit.  Returns  instantly  to 
operating  voltage  when  overload  is  removed.  Ideal  for 
lighting  lamps  and  charging  capacitive  loads. 

OVER  CURRENT  CONTROL  can  be  set  from  0  to 
120%  of  full  load. 

REMOTE  PROGRAMMING  at  1000  ohms  per  volt. 
REMOTE  ERROR  SIGNAL  SENSING  to  maintain 
stated  regulation  directly  at  load. 

Suitable  for  square  wave  pulsed  loading. 

Continuously  variable  output  voltage  without 
switching. 

Either  positive  or  negative  can  be  grounded. 

Units  can  be  series  connected. 

Power  requirements:  105-125  volts,  50-65  cycles. 

400  cycle  units  available. 

Terminations  on  front  and  rear  of  unit. 

High  efficiency.  Lov/  heat  dissipation. 

Compact,  light  weight  for  bench  or  rack  use. 

Color:  grey  hammertone. 

ORDERING  INFORMATION: 

Units  without  meters  use  model  numbers  indicated  in 
table.  To  include  meters  add  M  to  the  Model  No.  (e.g. 
SC-18-1-M)  and  add  $30.00  to  price. 

*Rack  adoptpr  for  mounting  any  two  x  4Ve"  units  is 
avoii  .b!o.  Mjdel  No.  RA2  is  5V'4"h  x  19"w,is  $15.00 


VOLTAGE  REGULATED 
POWER  SUPPLIES 


OUTPUT 

IMPEDANCE 


OUTPUT  OUTPUT 
VOLTS  AMPERES 
OC  OC 


PRICE 


250.00 


Patent  Pending 


A  0.01%  SERIES  IS  AVAILABLE  IN  13  NEW  MODELS 

KEPCO  OFFERS  MORE  THAN  120  STANOARO  VOLTAGE  REGULATEO 
POWER  SUPPLIES  COVERING  A  WIDE  RANGE  OF  MAGNETIC,  TUBE 
ANO  TRANSISTOR  TYPES.  MOST  MODELS  AVAILABLE  FROM  STOCK. 
SEND  FOR  BROCHURE  B-S85 
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FIG.  2— Comparison  oi  recordings  with 
capacitance  bridqe  between  cathode  and 
plate  (A)  and  between  cathode  and 
screen  grid  (B)  indicate  irequencies  ot 
which  cathode  rtbrates 


held  constant,  while  the  bridge 
senses  displacement,  this  may  be 
achieved  by  differentiating  the 
bridge  output  twice  to  get  a  new 
signal  proportional  to  the  tube  ele¬ 
ment  acceleration.  This  signal  is 
plotted  on  a  high-speed  level  re¬ 
corder  which  is  synchronized  with 
the  sweep  oscillator. 

The  process  is  repeated  using 
one  of  the  same  tube  elements  and 
one  other  element.  A  comparison 
of  the  two  plots  discloses  which  of 
the  resonances  are  common  to  both 
plots,  and,  therefore,  caused  by  vi¬ 
bration  of  the  tube  element  common 
to  both  tests. 

A  disadvantage  of  this  technique 
is  the  difficulty  in  determining  ab¬ 
solute  response.  In  addition,  output 
of  the  capacitance  bridge  is  a  func¬ 
tion  of  mode  shape  as  well  as  peak 
electrode  displacement.  For  many 
applications,  these  considerations 
are  secondary  to  the  speed  and  ease 
of  analysis  offered. 


Feedback  Stabilizes 
Flip-Flop 

By  PHIIJP  OIEILIK 

Federal  Telecommunication  I.Abora- 
torles.  International  Telephone  and 
Telegraph.  Nutley,  N.  J. 

Feedback  enables  a  transistorized 
flip-flop  to  operate  on  pulses  of 
3  volts  with  0.5  microsecond  fall 
time.  The  flip-flop  is  very  inde¬ 
pendent  of  changes  in  voltage  and 
unbalance  of  transistors.  The  cir¬ 
cuit  was  designed  for  use  in  a  com¬ 
puter. 

Operation 

The  common  emitter  resistor  R, 
in  Fig.  1  provides  d-c  degeneration. 
For  good  trigger  sensitivity,  it  is 


heavily  bypassed  in  order  to  in¬ 
crease  the  gain  around  the  regen¬ 
erative  loop.  Resistor  Rf  connected 
between  the  bases  of  the  two  tran¬ 
sistors  provides  negative  feedback. 

Assume  that  Qi  is  conducting  and 
Q,  is  cutoff.  A  negative  pulse  is 
applied  at  the  base  of  Q.  cutting  it 
off.  Its  collector  rises  to  f  1 1  v, 
and  the  rise  is  coupled  to  base  H, 
through  the  cross-coupling  network. 
As  B,  rises  above  R„  a  current  flows 
in  feedback  resistor  Rf.  This  cur¬ 
rent  reduces  the  normal  ba.se  cur¬ 
rent  of  Q,  and  prevents  B,  from 
rising  too  high.  Base  B„  in  turn, 
regulates  the  collector  current 
drawn  by  transistor  Q,. 

The  flip-flop  uses  emitter  follow¬ 
ers  in  the  cro.ss-coupling  network 
in  order  to  match  the  high  collector 
output  impedance  to  the  low  base 
input  impedance.  These  emitter  fol¬ 
lowers  also  serve  as  low  impedance 
output  coupling  to  drive  gating 
chains. 

In  the  computer,  the  flip-flop  is 
triggered  with  the  differentiated 
trailing  edge  of  a  logic  pulse  to 
avoid  the  use  of  interstage  delays 
for  such  circuits  as  shift  registers. 
Capacitor  coupling  with  a  large 


FIG.  1 — Feedback  reiiitor  Rr  in  flip-flop 
makes  if  lets  sensitiTe  to  Toltage  Taria- 


time  constant  is  u.sed  in  case  the 
logic  puLse  has  poor  fall  time. 

Attenuation  is  small  even  for 
.slow  fall  time.  The  partially  differ¬ 
entiated  pulse  is  amplified,  and  the 
output  of  the  amplifier  is  differenti¬ 
ated.  Since  phase  reversal  is  un¬ 
desirable,  a  grounded-base  nim 
transistor  provides  a  negative  pulse 
to  bring  the  amplifier  into  conduc¬ 
tion  from  its  normally  cutoff  state. 

Design 

For  values  of  /3  between  20  and 
100,  transistors  2N124,  125,  126 
and  167  may  be  used.  The  voltage 
.swing  required  is  six  volts  from  -f  5 
to  -f-11.  A  .self-biased  multivibrator 
is  used  to  improve  d-c  stability. 

For  a  2N125  at  an  ambient  tem¬ 
perature  of  55  C,  28.5  mw  is  max¬ 
imum  dissipation.  With  a  collector 
current  of  about  1  ma  for  a  tran- 
si.stor  of  minimum  /3>  a  6,000-ohm 
resi.stor  is  needed  for  R,  in  order 
to  get  a  6-volt  swing.  A  6,800-ohm 
resi.stor,  the  nearest  standard  10- 
percent  value,  is  u.sed. 

When  Rf  is  considered  discon¬ 
nected,  50  fta  of  base  current  is 
needed  where  /,  =  1  ma  and  /3  =  20. 
If  the  cro.s.s-coupling  resi.stors  are 
large  compared  to  R„  the  equivalent 
Thevenin  resistance  R  =z  (/?,  -f 
R,)/R.R,.  When  R  =  50,000  ohms, 
the  ba.se  input  resi.stance  of  a  tran- 
si.stor  is  very  low  in  comparison. 
The  drop  across  the  base-to-emitter 
junction  can  be  ignored,  and  the 
total  drop  can  be  assumed  to  occur 
across  R.  F'or  /,  =  50  /la,  a  positive 
voltage  swing  of  2.5  v  across  R  is 
required.  F'or  a  .symmetrical  peak- 
to-peak  signal  of  5  v  at  the  base, 
the  collector  swing  is  6  v  so  that 
o  =  RJ{R,  -f  /?,)  =  5/6.  Emitter 
follower  gain  is  assumed  to  be  one. 
Since  R  equals  50,000  ohms,  R,  and 
R.  will  be  60,000  and  300,000  ohms, 
respectively. 

To  obtain  a  base  current  margin, 
somewhat  smaller  resistors  in  the 
.same  ratio  are  used.  Convenient 
values  are  /i,  =  47,000  and  = 
220,000  ohms. 

When  Qt  conducts,  V,,  =  5  v  and 
F„  =  5/6  X  19  -  14  =  1.8  V.  R. 
must  be  large  enough  so  that  the 
voltage  drop  across  it  exceeds  the 
1 .8  V  necessary  to  cut  Q,  off.  When 
fi  =  20,  the  base  of  Q,  is  at  ( 1 1  -f- 
14)  X  5/6  -  14  =  6.8  V. 


lions  and  transistor  unbalance 


Since  (F,,  —  /3  /»,  R.)/R  =  /«, 
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MASS-PRODUCED 
COMPUTER-TYPE 
H-E  TRANSISTORS 


For  high-speed  switching 
For  high-frequency  amplification 

I’rcxluction  of  (IBS  hish-frixjufiicy  transistor'* 
has  fx-cn  stfppr-if  up  for  a  ^ruHiti^  variety  of 
applications.  The  2N43H,  2N  t.W  and  2N  f  K)  are 
now  available  in  ipiantity  for  inultivihrator  and 
hlockinp  ofii'illaturs  .  .  .  pate  and  Hip-Hop  eiri'uits 
.  .  .  and  r-f,  i-f,  and  hiph-fidelity  a-f  amplifiers. 

■Ml  three  types  are  alloy-jiinetion  for  greater 
uniformity,  higher  voltage  and  current.  Hatter 
gain  and  lower  saturation  resistance.  I'hey  em¬ 
ploy  the  standard  JKTK(i  T(f-'>  package  welded 
to  achieve  reliability  never  Ixdore  approached 
with  NI'.N  transistors. 

Note  the  many  desirable  features.  You  may  lx- 
able  to  use  these  (.BS  transistors.  Write  for 
Bulletin  K.-2(iB  giving  complete  data  and  helpful 
application  notes. 


CHBCK  THKSB  PBATURBS 


1.  High  frequency  response: 

2N458 .  .  2.5  to  5  me. 

2N439 .  .  5  to  10  me. 

2N440  .  10  me  and  up. 

2.  High  operating  voltage . .  up  to  30  volts. 

3.  High  switching  speed  .  below  0.2  xsec. 

4.  High  current  amp.  factor . up  to  100. 

5.  High  dissipation  rating  . .  up  to  100  mw. 

4.  Low  leakage  current  2xampsav. 

7.  Low  collector  capacitance  .  lOxxf. 


Rrtinhlr  products 

th  rouffh  A  dvnnced  -  Enf'i  tier  ring 


semiconductors 


CBS-HYTRON 

Semiconductor  Operations,  Lowell,  Mass. 

A  Division  of  Columbia  Broadcasting  System,  Inc. 
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automatic 
toroidal  iviuder 
in  the 
industry 


TW  200 

a  miracle  of  sjjccd  .  .  .  fully 
automatic  ...  no  manual  coil 
handling  during  winding  .  .  . 
constant  dcjKndability  .  .  .  ficr- 
fcct  and  uniform  coils  each 
time  '.  .  .  all  the  time. 


FEATURE 

segmental  and  j6o  degree  ivinding 

FEATURE 

predetermined  turns  counting 

FEATURE 

interchangeable  shuttle  heads 

FEATURE 

variable  wire-spacing  control 


SPECIFICATIONS 


Coil  sizes: 

Wire  sizes: 
Wire  ty[)es: 

W'mding  sjxed: 


0.218"  II)  through  5"  OI) 
#20  through  #42  .\W(j 
enamel,  silk,  cotton.  Teflon, 
sleeve  covered,  filar 
fixed  —  050  and  1150RI>M 
variable  —  0-1 2fM)  KI’.M 


You  get  the  BEST  from  BOESCH 


□  BOESCH  MANUFACTURING 
COMPANY,  INCORPORATED 
BOESCH  DANBURY,  CONNECTICUT 


/m  =  89.5  #ia  and  /„  =  1.79  ma. 
j  For  )3  =  100,  the  same  procedure 
I  is  used.  However,  since  a  clamp  is 
I  present  /3  /,  R.  will  represent  the 
drop  across  R,  only  if  it  is  less 
than  5. 

j  If  V,  is  assumed  to  be  less  than 
5  V,  the  formula  indicates  that 
/m  =  31  /la.  Checking,  /3  /»  = 

180,000  X  31  /la  =  5.38  v.  There¬ 
fore,  the  drop  is  not  completely 
across  R,.  Substituting  5  for  /3  /» 
R.,  Iht  =  45  fta.  Collector  current 
/rt  is  therefore  4.5  ma. 

The  di.ssipation,  I,  =  22.5  mw, 
is  within  the  allowable  rating  at 
.  55  C. 

Checking  for  stability  for  /3  = 

I  100,  a  =  0.99.  S  =  (R.  +  R,)/ 

I  \R.  -f-  /e.  (1  -  a)]  or  19. 

I  The  maximum  /,.  for  any  of  the 
transistors  previously  mentioned  is 
2  fia.  The  stability  against  run¬ 
away  is  a  function  of  S  and  of  /,.. 
The  maximum  allowable  dissipa¬ 
tion  of  23  mw  is  not  exceeded 
for  any  value  of  /3  previously  indi¬ 
cated.  Clamp  diodes  used  at  the 
emitters  and  the  collectors  to  pre¬ 
vent  the  transistors  from  saturat¬ 
ing,  speed  the  operation.  The  col¬ 
lector  diode  also  serves  to  fix  the 
lower  level  of  the  voltage  swing. 

The  large  emitter  capacitor  acts 
I  somewhat  like  a  bias  battery  in  con- 
I  junction  with  the  emitter  resistor. 
The  cross-coupling  capacitors  were 
chosen  so  that  the  cross-coupling 
time  constant  is  larger  than  the 
expected  rise  time  but  smaller  than 
!  the  period. 

Assuming  the  base  input  resist¬ 
ance  is  small,  the  time  constant  is 
given  by  /?,  C,  =  6,800  x  100  /inf  = 

0.68  fis. 

The  feedback  resistor  was  picked 
experimentally.  It  is  possible  to 
analyze  the  circuit  with  the  feed¬ 
back  resistor,  to  determine  the  op¬ 
eration  with  the  cho.sen  value  of 
27,000  ohms. 

The  effect  of  the  feedback  re¬ 
sistor  Rf  is  that  collector  current 
varies  by  a  smaller  ratio,  2.08/1.08 
or  1.93  as  compared  to  4.5/1.79  or 
2.52.  Also,  the  total  collector  cur¬ 
rent  is  much  smaller  so  operation 
is  within  the  maximum  dissipation 
rating. 

I  V,  never  goes  aSove  5  v  so  the 
diode  at  the  emitter  can  be  elimi¬ 
nated.  Without  the  feedback  re¬ 
sistor,  it  takes  2.5  to  4.5  volts  to 
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have  you  checked  this 
Remote  Actuator  for  jobs 
under  Shock  and  Vibration? 

ROTARY  SOLENOIDS 

(Mfd.  under  license  from  G.  //.  LELAND,  INC.) 


CUSTOM-BUILT  FOR— 


fUM  •  * 


/ 


<5 


S^MflRE  CABU  CX)NT1K)LS 
1?  SWITCH  POSniONS 
OVER  nSTANCES  UP  TO 
SEVERAL  HUNDRED  TEET 


MASTER  SUVE  DEVICES 
(Incremental  f^tioning) 


CUSTOM^ 

ARIMATURE  PLATE 

CAM  urrs 


B  c 

4  DECADE  COUNTER 
ADDED  SWITCHING  ALLOWS 
PRESETTINQ  a  FUNCTION  TO  OCCUR 
AT  ANY  COUNT  SLK>t  AS  SHUT  OFF 
WATER  AT  397  COUNT.  CTC. 


PRESETTABLE  COUNTING  DEVICES 


WIRE  CABLE 
INSTANTANEOUS  POSITIONING  Of 
SUVE  BY  PUSHING  A  BUTTON 

AUTOMATIC  SWITCHING 


ACTUATORS 


COUPLING  AND 
SOLENOlO  BRAKE 


LOAD 

SHAFT 


o  o 


CLUTCHES  and  BRAKES 
(When  Modified  for  Straight  Pull) 


stepping  torques  from  6.4  to  64  inch-ounces 


If  yoirve  been  srarcbinp  for  an  artiiator  that  meets  stich  specs  as 
MIL-S-40K)A,  and  is  remarkably  small  for  the  amount  of  work  it  can 
do,  investigate  Oak  Kotary  Solenoids.  They  ojM*rate  on  DC  and  are 
designed  for  intermittent  service.  Standard  motlels  give  steps  of  25°, 
.3.5°,  45°,  67.5°,  or  9.5°  in  either  a  left  or  right>liand  direetion.  Self-stepping 
or  externally  pulseil  units  are  also  built.  Oak  Kotary  Solenoids  find  wide 
use  in  both  eommereial  and  military  equipment.  Why  not  evaluate  their 
unusual  eapahilities  for  your  next  project.  We  will  he  glad  to  help  you 
engineer  the  job.  Just  send  us  a  short  description  and  sketch. 


^ 

1260  Clybourn  Ave.,  DepL  G,  Chicago  10.  Illinois 
Phone:  MOhawk  4-2222 

SWITCHES  •  ROTARY  SOLENOIDS  •  CHOPPERS 
VIBRATORS  •  TUNERS 
SUBASSEMBLIES 


ELECTRONICS  engineering  edition  —  May  9,  1958 


CIRCLE  6S  READERS  SERVICE  CARD 


95 


triffRer  the  flip-flop,  while  with 
feedback,  the  rariRe  of  voltage  nec¬ 
essary  is  from  1.5  to  2  volts. 


Phase  Shifter  Range 
Exceeds  180° 


Hr  W.  C.  SIfFPAKI) 

Physical  Research  Staff,  Boeing 
Airplane  Co.,  Seattle,  Washington 


X7nha.mpere:d  . . . 


i/itra  LA.BORA.TORIES 

Division  of  the  V'^itro  Corporation  of  .America 


j  Phase-shiI'TINg  circuits  with 
I  ranges  greater  than  180  degrees  are 
often  useful. 

!  The  circuit  shown  in  f'ig.  lA  is 
often  used  to  shift  phase.  With 
perfect  circuit  components,  with  the 
resi.stance  variable  to  infinity  and 

^  i 


by  limitations  to  his  creativcncss  and 
encouraged  to  continually  increase  his  professional 
stature,  the  engineer  of  V'itro’s  Silver  Spring 
Laboratory  is  able  to  make  increasingly  important 
contributions  in  the  fields  of  guided  missile 
and  underwater  weapon  systems. 


If  you  arc  creative  and  value  professional 
recognition  for  your  individual  efforts,  you  will 
want  to  find  out  more  about  us.  Our 
modern  laboratory  is  located  in  a  fine  residential 
suburb  of  Washington,  D.  C'.. 


For  detailed  information  aI)out  our  present 
openings,  address  your  inquiry  to; 


Manager,  Professional  KmployrnenI 
Silver  Spring  Laboratory,  Dept.  101 
Vitro  Laboratories,  14000  Georgia  Avenue 
Silver  Spring,  Maryland 


FIG.  1 — Conatani  output  Toltaqo  ia  pro- 
ducod  by  almplo  phoae-ahlitinq  circuit 
with  a  theoretical  ronqe  of  180  deqreea 


with  no  load,  a  180-degree  phase- 
shift  range  is  theoretically  possible. 

A  vector  diagram.  Fig.  IB,  may 
be  constructed  for  this  circuit  by 
noting  that  the  voltages  across  X. 
and  R  are  always  90  degrees  out  of 
phase  and  that  the  addition  of  the.se 
vectors  always  equals  R^b,  the  volt¬ 
age  across  the  transformer  second¬ 
ary.  The  locus  of  all  intersections 
of  Kx,  and  Kb,  forms  a  half  circle. 
The  output  voltage  will  be  constant 
for  any  value  of  R. 

A  circuit  giving  similar  results 
uses  an  inductor  instead  of  a  ca- 
{•acitor.  Often  the  resistance  is 
fixed  and  a  saturable  reactor  used 
as  the  variable  element.  The  satur¬ 
able  reactor  may  be  controlled  by  a 
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m  ACTION 


fdch  Polardd  MicfOMave  Signal  Geneiatoi  is  equipped 
Milh  the  unusually  simple  UNI  OIAI  control  that  tracks 
reflector  voltages  automatically  eihile  tuning 
continuously  frequency  accurate  to  ♦  1%,  is  read 
directly  on  the  single  frequency  dial  These 
rugged  instruments  include  internal  modulation, 
pulse  and  FM  internal  square  wave  modulation, 
synchronization  outputs  delayed  and 
undeljyed.  provision  for  multi  pulse 
modulation  input  provision  lor 
eiternal  modulation  and  synchinn 
1/at‘on  variable  attenuator 

r  alibrated  due' tly  in  ribin  P 

engineered  ventilation  4.450  — 

to  insure  sper  ifiration  6.950  — 

performance  over  long 
operating  periods 


lll•6•IMS6  34 

4.200-11,000  MC 


MticI  SSX-A* 
7.150-10.750  MC 


M««il  SSIM 
4,450-0.000  MC 


These  Polarad  Microwave 
^  Signal  Sources  are  direct 

)0  MC  reading  and  continuously  tuned 

with  Polarad  s  UNI  DIAL  control 
that  automatically  tracks 
Pjr^r  the  reflector  voltage  as  the 

klystron  cavity  is  being  tuned 
Maximum  power  output  is  assured 
f  throughout  the  entire  range  of  each 

instrument  by  means  of  a  power  set  control 
For  improved  stability,  a  klystron  tube  is 
in  an  external  precision  cavity  All  Polarad  Signal 
Sources  can  be  externally  modulated  with 
either  square  wave  or  FM  signals. 


(Model  SsXE  7  8S011.S00  available  on  special  order 


'  "f' 


'I- 


Pliit-I«  Titini«(  Uml 
M*«||  C33M-1 
33.S20  3«.3M  me 


om  18.000  to  39,700  me 
ted  output  attenuator. 


accomplished  by 
iding  wavemeter 
larewave 


eiitt  IR  TuRtiiK  Unilt 
MMtl  63033-1 
21.700  33,930  me  ^ 


odulation. 


Basic  Unit  -v  I 
MaOcI  HU-2  and 
ei«f  -la  Tumni  Uait 
MtOcI  62730-1 
27.270-30.000  me 


PlMf-)*  Tamaf  Uait 
Model  62427-1 
24.900-37.900  me 


FREE  LIFETIME  SERVICE 
ON  ALL  POLARAD 
INSTRUMENTS 


o 

4MiiiaKin4Biir.aif. 
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Cnei  yon  the  background  )ou  ntcd  for  precision  work 


1.  NETWORK  SYNTHESIS.  Volume  1 


B>  DAVIO  F.  Tl  TTI.F,  Stanford  I  nivcrsity 

A  comprehensive,  up-to-date,  and  hi^jhly 
readable  treatment  of  flie  most  important 
ideas  used  in  the  synthesis  of  networks. 

Tilts  first  volume  of  a  two-volume  work 
covers  the  two-terminal  (one-port)  net¬ 
work  or  one-terminal  pair.  Features  a 
three-step  priKedure  to  reach  the  final 
aim  of  i)niheiii  or  Jesign  of  networks: 

-  ohtammx  *  workin>{  know  led>:e  of  the 
properties  of  networks;  investigating; 

ways  of  approximatin>;  desiied  behavior,  and  carrying;  out  the  actual 
synthesis  tif  networks  to  achieve  such  attainable  ends. 

19S8  1176  padres  Illus.  $23-50 


Proiides  methods  and  techniques  .  .  . 

2.  ANALYTICAL  DESIGN  OF  LINEAR  FEEDBACK 

CONTROLS  B>  GFORGF  C.  NFAXTON,  Jr.,  LEONARD  A. 

(.Ol’Ll),  and  JAMES  F.  KAISER,  all  of  the  Massachusetts  In¬ 
stitute  of  Technolo)>y 

Shtiws  you  how  to  achieve  analytical 
solutions  of  practical  control  problems, 
and  demonvtrates  techniques  throu);h 
use  of  simplified  models  and  constraints. 

Presents  the  results  of  the  authors'  exten¬ 
sive  research  on  the  analytical  desi>:n 
method.  showin>’  how  such  factors  as 
input  noise,  disturbances,  non-minimum 

phase  fixed  elements,  and  saturation  tendencies  in  fixed  elements, 
place  definite  bounds  on  the  performance  that  can  be  achieved  in 
linear  systems. 

1957  419  pages  169  Illus.  $13-50 


Helps  solve  your  radio  problems  .  .  . 

3.  SYNTHESIS  OF  PASSIVE  NETWORKS 

H\  ERNST  A.  Gl'ILLEMI.N,  .Massachusetts  Institute  of  Technology 

A  practical,  complete,  and  consistent  ap¬ 
proach  to  netwiirk  linear  synthesis. 

Govers  both  the  approximation  problem 
and  the  realization  techniques  —  two 
essential  parts  of  synthesis  procedure.  All 
fundamental  theory  and  methods  are  in¬ 
cluded.  with  sufficient  examples  to  make 
their  presentation  clear  and  meaningful. 


4.  PROGRESS  IN  SEMICONDUCTORS,  Volume  II 


1957 


741  pages 


466  illus. 


$15.(H) 


Edited  by  ALAN  F.  (ilBSON,  Radar  Research  Establishment,  Mal¬ 
vern,  I’.K.;  P.  AIGRAIN,  I’niversiie  dc  Paris;  and  R.  E.  Bl’R- 
GESS,  University  of  British  Columbia 

The  latest  information  on  important 
aspects  of  semiconductor  research  by 
1  S  top  authc'rities. 

19^7  28t)  pages  Illus.  SlO.St) 

5.  TECHNICAL  REPORT  WRITING 

By  J.A.MES  Vf.  SOUTHER,  I'niversity  of  >X'ashington 

A  brief,  but  thoroughly  inclusive  presen¬ 
tation  of  the  basic  essentials  of  technical 
report  writing,  emphasizing  the  junc- 
i/oH.tl  organization  of  material. 

§2.95 
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82  pages 


;  and  R.  E.  1 


Lxplores  the  functions  of  closed  circuit  71'  .  .  . 

6.  TELEVISION  IN  SCIENCE  AND  INDUSTRY 

Bs  V.  K.  ZVe  ORYKIN.  E.  G.  RA.MBERC,.  and  L.  E.  FLORY,  all 
of  the  RCA  Laboratories 

Investigates  the  various  possibilities  of 
closed-circuit  t>r  industrial  television, 
as  distinguished  from  the  broadcast  func¬ 
tion.  and  describes  the  tools  which  have 
been  developed  to  realize  it.  Analyzes 
both  equipment  and  applications.  Dis¬ 
cusses  closed-circuit  color  television  and 
improvements  achieved  by  transistoriza¬ 
tion;  describes  stereo  tele-vision,  specialized  television  metIuKis  in  re¬ 
search.  telc-vision  microscopy,  etc.,  and  outlines  the  principal  fields  of 
application  of  television  in  industry,  research,  medicine,  education, 
commerce,  military  affairs,  Itome  and  farm. 


Techniques  and  then  practical  application  .  .  . 

7.  LOGICAL  DESIGN  OF  DIGITAL  COMPUTERS 

By  .MDNTf.OMERY  PHISTER.  Jr.,  Thompson-Ramo-VCtwldridge 
Prtrducts,  Inc. 


Describes  and  interprets  various  tech- 
ntques,  using  synchronous  circuit  ci'r.i 
ponents  almost  entirely;  and  demon¬ 
strates  their  practical  application  in  tlie 
design  of  digital  systems  by  the  log'c.d- 
equation  metluKl.  Detailed  discusMon  of 
the  Veitch  Diagram  method  of  simplili- 
cation  of  B<K<lcan  equations;  the  '  ditfei 

ence-equation  '  approach  to  memory  elements;  the  Huffman-Moore 
miHlel  of  digital  systems;  the  complete  solutions  to  flip-flop  input 
equations,  and  the  systematic  method  for  complete  computer  design 
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.3(M)  pages 


Illus. 


$10.00 


1958 


408  pages 


Illus. 


$10.50 


Mail  this  coupon  TODAY  for  ON-APPROVAL  copies  of  these  valuable  books! 

E-58  Nome  . 


JOHN  WILEY  &  SONS,  Inc. 

440  Fourth  Ave.,  New  York  16,  N.  Y 


t*nd  m«  tK«  book(t)  circled  below  to  read  and  examine  ON 
APPROVAL.  Within  10  days  I  will  return  the  book(ft)  and  owe  nothing, 
or  I  will  remit  the  lull  purchase  price(t),  plus  postage. 
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Address 


City . Zone  ....  State . 

I  I  SAVE  POSTAGE!  Check  here  if  you  ENCLOSE  payment, 
in  which  case  we  will  pay  postage.  Same  return  privilege, 
of  course. 
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FIG.  2 — Phase  o<  output  Toltaqe  can  be 
▼aried  more  than  180  deqreee  but  output 
▼oltaqe  is  not  constant 


vacuum  tube  or  tran.sistor,  allow- 
ing  automatic  control. 

In  the  practical  ca.se,  ISO-dej^ree 
range  i.s  not  prts.sible  with  the  cir¬ 
cuit  shown  in  Fig.  lA. 

One  way  to  achieve  180-degree  or 
more  phase  shift  is  to  have  greater 
than  180  degrees  between  points 
A  and  B.  P'ig.  2A  shows  a  circuit 
in  which  the  phase  at  p<»int  A  is 
made  to  lag  by  an  R-C  combination 
(R.,C,).  This  circuit  has  about  190- 
degree  pha.se  range  at  one  kc. 

To  satisfy  the  right-angle  con¬ 
dition  for  /it,  and  A’,,  the  locus 
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This  special  filament  transformer  has  400  cycles  with  4  secondaries, 
10  volts,  100  Amperes.  Each  secondary  can  be  mounted  in  parallel  series 
or  series  parallel.  The  extremely  close  tolerance  between 
secondary  potentials  under  load  is  of  extreme  importance  in  this  design. 

The  filament  transformer,  a  new  member  of  the  well-known  family  of  NWL 
custom-built  Transformers,  is  made  to  fit  the  particular  needs  of  the  user. 
Each  Nothelfer  transformer  is  individually  tested  for  core  loss,  polarity, 
voltage,  corona,  insulation  breakdown  and  aging  characteristics  and 
must  meet  all  customer’s  requirements  before  shipment.  We  shall  be 
glad  to  receive  your  specifications  and  quote  you  accordingly. 
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A  report  to  engineers  and  scientists  from  Lockheed  Missile  Systems- 
where  expanding  missile  programs  insure  more  promising  careers. 


NEW  LAB  MEASURES  ANTENNA  PATTERNS:  PROBES  OUTER  SPACE 


A  new  laboratory  at  Sunnyvale,  California  today  gives  Lockheed  scientists  antenna 
patterns,  scattering  and  propagation  data,  and  promises  exciting  new  discoveries 
in  the  problems  of  space  communication.  Laboratory  studies  include  the  effect  of  upper 
space  on  radar  and  radio  signals,  the  radar  pattern  presented  by  space  vehicles 
and  missile  shapes,  and  the  design  of  antennas  to  survive  the  rigorous  environment  of 
the  upper  atmosphere  and  hypersonic  speeds.  Findings  could  pave  the  way  for 
communication  with  manned  space  ships  of  the  future  or  for  the  remote  guidance  of 
unmanned  space  ships. 

Research  and  development  studies  by  Division  scientists  contribute  heavily  to  the 
projects  that  place  Lockheed  in  the  forefront  of  U.S.  missile  developers.  These  projects 
include  the  Polaris  solid  fuel  ballistic  missile.  Earth  Satellite,  0-5  target  ramjet, 
and  X-7  test  vehicle.  Positions  created  by  expansion  on  these  and  still  other  programs 
we  cannot  discuss  offer  unusual  opportunities  for  advancement  with  our  growing 
young  division.  Besides  Antenna  and  Propagation,  openings  are  in  Solid  State 
Electronics,  Telecommunications,  Instrumentation,  Radar  and  Data  Link. 

Other  openings  irKlude  Information  Processing,  Reliability-Producibility, 

Ground  Support,  Flight  Controls.  Qualified  engineers  or  scientists  may  write  to 
Research  and  Development  Staff,  Palo  Alto  27,  California. 


A  DIVISION  OF  LOCKHEED  AIRCRAFT  CORPORATION 


Mr.  Emmanuel  A.  Blast,  right, 
Manager  of  A  ntenna  and 
Propagation  Department, 
discusses  results  of  radiation 
performance  after  antenna 
pattern  measurements  with  staff 
scientist  Allen  S.  Dunbar. 
Column  bearing  missile  in 
background  is  operated 
automatically  from  laboratory. 
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MODEL  889A 


13  y«ar«' 

for  rt**  o»W*"«"* 

i«u«lrat*<i  a«»« 


I  F!G.  4 — Uia  oi  tuba  in  placa  oi  trans- 
I  lormar  parmlto  phata  shlflar  to  handla 
I  a  wider  band  oi  iraquanciai 


efTect  and  provides  a  conservative  accuracy  of  ±3%  over  nine 
full-scale  ranges:  0-100,  200,  500,  1  K,  2  K,  5  K,  10  K,  20  K 
and  20  K  -f  gausses,  using  a  single  probe.  Two  standard 
Alnico  V  reference  magnets  having  accuracy  are  sup¬ 
plied.  Unit  is  boused  in  an  aluminum  case,  weighs  12  lbs.  and 
operates  from  115-volt,  50-400  cps  line.  Price  $420. 

Magnetreater^ 

Model  889A  de-magnetizes  saturated  magnets 
to  any  desired  level  of  flux.  Provides  a  pre¬ 
cisely  controlled  method  for  rapidly  treating 
permanent  magnets,  including  the  new  core¬ 
type  instrument  mechanisms.  Used  with 
Model  20<SA  Booster  Unit  or  Model  107A 
Magnet  Charger.  Over-all  size  is  8"  x  10"  x 
7".  Weight  24  lbs.  Price  $163. 

I  Standard  Magnets 

Laboratory  standard  fixed  gap  reference  mag- 
nets  having  flux  densities  from  100  to  as  high 
as  20,000  gausses  are  now  available.  These 
units  are  fully  stabilized  magnetically,  mech- 
anically  and  thermally  and  are  used  to  cali- 
brate  fluxmeters  and  gaussmeters  for  engi- 
neering  or  production  testing.  Certification 
supplied  for  each  magnet. 

Psrfermanc*  of  all  modul*  is  rigidly  guaran- 
teed.  Priest  are  net  f.o.b.  Boenton,  N.J.  and 
Mubjeet  to  change  without  notice. 


FIG.  5 — More  than  180  deqress  of  phase 
shift  and  very  constant  output  voltage  is 
provided  by  two-tube  shifter 

of  the  points  for  h'„  does  not  fall  on 
the  circumference  of  the  circle 
who.se  center  is  zero  volts,  Iteing 
le.Hs  in  the  center  of  the  pha.se 
range.  A  slightly  more  constant 
output  voltage  may  be  achieved  by 
the  circuits  shown  in  P'ig.  3. 

The  transformer  may  be  elimi¬ 
nated  by  using  the  circuit  shown 
in  Fig.  4,  which  ettvers  a  wider 
frequency  band  if  suitable  values 
are  u.sed.  VV’ide-band  operation  is 
achieved  because  transformer  re.so- 
nance  effects  are  not  present  at 
higher  frequencies.  At  lower  fre¬ 
quencies  the  low  inductive  react¬ 
ance  of  a  transformer  primary  does 
not  shunt  input  voltage  source  and 
cau.se  loss  of  signal  or  high  current 
flow  resulting  in  core  .saturation. 
The  values  given  are  approximately 
correct  for  500  to  2,000  cps. 

If  more  than  180-degree  range  is 
desired  together  with  very  constant 
outi)ut  voltage,  the  circuit  of  Fig.  5 
is  recommended.  In  this  circuit, 
two  phase-shifting  circuits  similar 
to  that  in  b'ig.  lA  are  cascaded. 

Test  results  at  1,000  cps  gave  a 
phase  range  of  255  degrees  and  an 
output  voltage  constant  within  1.5 
percent. 
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CHEMICAL 
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CHEMICAL 

DIVISION 


FOR  UNVARYING  PERFORMANCE 


PRECIOUS  METAL  CONTACTS  .  .  .  for  long  operating  life  and 
unvarying  performance.  Available  in  pure  or  alloyed  forms 
of  Silver,  Platinum,  Palladium,  and  Gold.  These  contacts 
provide  extremely  high  resistance  to  atmospheric  corrosion, 
deformation,  arc  erosion,  sticking  and  metal  transfer.  They  are 
supplied  as  wire,  rod,  sheet,  and  as  fabricated  forms. 

Baker  Contact  Division,  207  Grant  Avenue,  East  Newark, 
Harrison  P.  O.,  N.  J. 


FOR  CORROSION-RESISTANT  SURFACES 


RHODIUM  PLATING  .  .  .  an  economical,  hard,  white, 
corrosion-resistant  surface.  Extremely  well-suited  for  many 
electrical  and  electronic  applications.  Resistant  to  corrosive 
atmospheres,  oxidation,  arc  erosion.  Reduces  wear  on 
moving  surfaces,  assures  low  noise  level  for  moving  contacts, 
no  oxide  rectification,  low  and  stable  contact  resistance. 
Ideal  when  a  low- resistance,  long  wearing,  oxide-free 
contact  is  required. 

Chemical  Division,  113  Astor  Street,  Newark  2,  N.  J. 


FOR  PRODUCING  NITROGEN 


N/TRONEAl*  GAS  GENERATOR  .  .  .  With  a  controllable 
hydrogen  content — produces  oxygen-free  gas  consisting  of 
nitrogen,  hydrogen  and  water  vapor.  Hydrogen  content  can  be 
varied  and  maintained  as  desired  between  0.5%  and  25%. 
Economy  is  a  major  factor  in  this  equipment.  The  cost  of  the 
nitrogen  produced  is  found  to  be  many  times  cheaper  than  an 
equal  amount  of  cylinder  nitrogen.  Furthermore,  the  catalyst 
lasts  indefinitely  —  maintenance  costs  are  practically  nil. 
Chemical  Division,  113  Astor  Street,  Newark  2,  N.  J. 
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COMPONENT  DESIGN 


strength  of  the  epoxy,  smaller  wind- 
injf  margins  can  be  used.  .More 
turns  per  layer  can  therefore  be 
wound  on  the  transformer  coil. 


Improved  Tv  Picture  &  Set  Styling 


Thermal  Shock 


The  smooth  epoxy  covering  is 
able  to  withstand  the  stresses 
(which  occur  at  right  angles  to 
each  other)  caused  by  different 
thermal  coefficients  for  the  core, 
copper  wire,  and  epoxy  resin  at 


Twenty-one  inch  picture  tube  ready  for  attachment  of  contoured  twin  panel  (left):  twin 
panel  sealed  to  tube  forming  integrated  one-piece  assembly  (center):  and  (right)  earied 
TV  styling  which  is  not  restricted  to  a  few  different  cabinets  designed  around  a  safety  glass 


Since  TV  picture  tubes  are  capable  transparent  liquid  with  an  index  of 
of  throwing  quite  a  bit  of  gla.ss  refraction  the  same  as  gla.ss,  is 
around  if  they  implode,  a  safety  sealed  between  both  panels.  The 
glass  must  be  placed  in  front  of  the  liquid  between  panels  is  non-toxic, 
tube.  The  price  for  safety  is — a  non-contaminating  and  can  with- 
dust  gathering  surface  on  the  TV  stand  sudden  temperature  fluctua- 
tube  face  and  the  back  of  the  safety  tions  from  —40  F  to  160  F.  It  re¬ 
glass ;  two  additional  reflecting  sur-  tains  its  clarity  indefinitely.  The 
faces  to  cut  down  brightness  and  twin-panel  tube  will  withstand 
definition;  and  very  restricted  cabi-  more  than  30  G’s  without  failure, 
net  styling,  since  the  .safety  glass  c  i-  n 

is  mounted  in  the  cabinet.  Dream 

With  the  .safety  gla.ss  and  televi¬ 
sion  tube  .sealed  into  one  unit,  a 
dust-proof  assembly  results,  which 
allows  new  freedom  in  the  design 
of  smaller  more  compact  sets.  In 
fact  the  flexibility  of  cabinet  de¬ 
sign  is  probably  its  most  outstand¬ 
ing  feature.  What  the  television 
industry  needs  most  now  is  a  way 
to  sell  more  sets. 

The  panels  can  be  easily  attached 
by  either  the  set  or  tube  manufac¬ 
turer. 


Low  rUcotity  oi  epoxy  encapsulation  ma¬ 
terial  giee*  exceptionally  good  Impregna¬ 
tion  oi  traniiormer  core.  Better  heat  trane- 
ier  and  moisture  protection  result  from  the 
deep  impregnation.  Thermal  shock  from 
—  S5  to  -f  85  C  will  not  cause  encapsula¬ 
tion  to  crack 


Direct  Connection 

A  twin  panel  .safety  gla.ss  which 
is  attached  directly  to  the  tube  and 
eliminates  these  three  problems  has 
been  developed  by  Corning  Glass 
Works,  Corning,  N.  Y.  It  produces 
a  tube  that  is  clean-for-life,  since 
dirt  can  never  reach  the  picture 
tube. 

The  specially  curved  glass  face 
panel  is  bonded  to  the  panel  skirt 
of  a  finished  television  tube.  A 


thermal  shocks  from  —55  to  -f  85  C 
without  cracking.  Thickness  of  the 
dip  encapsulation  is  from  1/16  to 
i  inch. 


Production  costs  are  lower  l)e- 
cau.se  less  time  is  needed  in  pna-- 
e.ssing  the  transformers,  and  ex¬ 
pensive  dies  and  fabricating  molds 
are  unnece.ssary. 


Transformer  Epoxy  Conducts  Heat 


A  TRANSFORMER  dip  encapsulation  tion  of  the  epoxy  used  results  in  a 
which  will  withstand  extreme  dy-  size  and  weight  reduction.  The  sur- 
namic  stress,  vibration,  and  ther-  face  finish  is  smooth  and  slightly 
mal  shock  without  cracking  results  harder  than  most  epoxies  used  with¬ 
in  a  more  reliable  transformer  and  out  cases, 
a  lower  production  cost. 

No  Can  or  Case 

The  encapsulation  process  de¬ 
veloped  by  DuMont  Laboratories, 
Clifton,  N,  J.  eliminates  cans  or 
special  cases  and  meets  all  Class 
B  MIL-T-27A  specs.  Low  viscosity 
of  the  epoxy  gives  exceptionally 
good  impregnation  of  the  core  ma¬ 
terial.  It  al.so  provides  better  heat 
transfer  and  moisture  protection. 
Becau.se  of  the  high  dielectric 


High  Speed 
Computer  Diode 

A  REVERSF.  recovery  time  of  5  mil 
fi.sec  compared  with  25  mil  /i.sec  for 
conventional  computer  diodes  has 
been  obtained  with  special  crystal 
growing  and  bonding.  The  diodes 
al.so  have  high  forward  conduct¬ 
ance. 

The  computer  diodes  were  devel¬ 
oped  by  Qutronic  Semi-Conductor 
Corp.,  525  Broadway,  N.  Y.  12, 


Heat  Barrier 

The  silicon  rubber  buffer  mate¬ 
rial — required  with  many  trans¬ 
formers  because  of  the  different 
coefficients  of  expansion  of  core 
material,  copper  wire  and  the  epoxy 
resin  encapsulation — is  not  needed. 
The  heat  barrier  created  by  a  sili¬ 
con  rubber  buffer  is  therefore  elimi¬ 
nated.  And  the  good  heat  conduc- 
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new 

complete  line  of 


QUALITY  PRODUCT 

FROM  GENERAL  TRANSISTOR, 


GENERAL  TRANSISTOR  IS  NOW  MAKING 
GERMANIUM  SUBMINIATURE  GOLD 
BONDED  DIODES 


You  may  be  assured  that  this  new  product 
line  has  the  same  high  quality  and  reliability 
that  has  made  General  Transistor  the  Fastest 
Growing  Name  in  Transistors.  Experienced 
design  engineers,  quality  materials,  proven 
production  techniques,  and  strictly  enforced 
quality  controls  are  your  guarantees. 

These  diodes  have  been  designed  for 
computer,  industrial  and  military  applications 
where  high  reliability  is  of  prime  importance. 
They  are  hermetically  sealed  in  a  glass 
case  with  tinned  leads.  Their  rugged 
construction  makes  them  resistant  to 
humidity,  shock  and  vibration,  and  impervious 
to  extreme  environmental  conditions. 

Write  today  for  Bulletin  GD-10  showing 
complete  specifications,  diagrams  and 
other  engineering  data. 


ACTUAL  SIZE 


91-27  138th  Place 
Jamaica  35,  N.  Y. 


In  Ctnadj:  Cesser  E  E  lid.,  441  St.  frjincis  Xauier.  Montreal  1.  Quebec 

row  IMMtOlATK  OCLIVKWV  rwOM  CTOCK.  CONTACT  TOU*  NCAWCST  AU1 
CCNCWAL  TWAN»l»TOW  DitTWiWuTiNC  COWW  »»  IT  tUTWMtN  BLVO  iAN 
TWANtItTOB  INTCWNATlONAi.  COAW.  Wt  17  «ialM  PtACK  JAMAICA  it.  N 
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Industrial  Instruments  n 

89  Commerce  Road,  Cedar  Grove, 
Essex  County,  N,  J. 


N.  Y.  Angle  of  the  gold  wire  to 
the  germanium  surface,  the  time 
of  alloying,  and  the  surface  of  the 
germanium,  are  carefully  controlled 
in  bonding.  Temperature  control, 
purity  of  germanium,  purity  of 
doping  material,  and  rate  of  grow¬ 
ing  and  dislocation  of  the  crystal 
are  the  factors  contributing  im¬ 
provement  in  crystal  growing. 


. . .  cross  new 
frontiers  in  system 
electronics  at  THE 
GARRETT  CORPORATION 


no 

danger! 


j  Increased  activity  in  the 
/  design  and  production  of  sys- 
/  tem  electronics  has  created 
f  openings  for  engineers  in  the 
f  following  areas; 

I  ELECTRONIC  AND  AIR  DATA 
I  SYSTEMS  Required  are  men  of  proj- 
f  ect  engineering  capabilities.  Also 
f  required  are  development  and 
I  design  engineers  with  specialized 
I  experience  in  servo-mechanisms, 

I  circuit  and  analog  computer  design 
I  utilizing  vacuum  tubes,  transistors, 
and  magnetic  amplifiers. 

SERVOMECHANISMS 
AND  ELECTRO  MAGNETICS  Complete 
working  knowledge  of  electro-magnet¬ 
ic  theory  and  familiarity  with  materi- 
alsand  met  hods  employed  in  the  design 
of  magnetic  amplifiers  is  required. 

FLIGHT  INSTRUMENTS  AND 
TRANSDUCER  DEVELOPMENT 
Requires  engineers  capable  of  analyz¬ 
ing  performance  during  preliminary 
design  and  able  to  prepare  proposals 
and  reports. 

FLIGHT  INSTRUMENTS 
DESIGN  Requires  engineers  skilled 
I  with  the  drafting  and  design  of  light 
I  mechanisms  for  production  in  which 
I  low  friction,  freedom  from  vibration 
I  effects  and  compensation  of  thermo 
1  expansion  are  important. 

I  HIGH  FREQUENCY  MOTORS, 

I  GENERATORS,  CONTROIS  Requires 
1  electrical  design  engineers  with 
1  BSEE  or  equivalent  interested  in 
1  high  frequency  motors,  generators 
1  and  associated  controls. 

1  Send  resume  of  education 
%  and  experience  today  to: 

\  _  Mr.  G.  D.  Bradley 


Better  Engineering 
Symposiums 

Few  things  are  as  p<Aentially 
worthwhile  a.s  a  conference  of  elec¬ 
tronic  engineers,  and  yet  even 
fewer  things  have  as  many  irritat¬ 
ing  and  unrewarding  aspects.  The 
Proceedings  of  the  1958  Electronic 
Components  Conference  held  in  Ltjs 
Angeles  on  April  22,  23  and  24 
suggests  a  practical  solution  to  one 
part  of  this  problem — the  obtaining 
of  information  from  conference 
papers. 

Complete  versions  of  twenty-five 
papers  delivered  at  the  conference 
were  bound  in  a  hard  cover  book 


AC  DIELECTRIC 
STRENGTH  TESTER 

•  Conforms  to  ASTM 
0-149  and  Federal 
Specification  LP-406 
Method  4031. 

•  Plug-in  interchange¬ 
able  test  jigs  for  all 
ASTM  tests. 

•  Automatic  or  manu¬ 
al  increase  of  voltage. 

•  Completely  inter¬ 
locked  for  personnel 
safety. 

•  Self-contained  test 
chamber. 


PA-5-152 
PA-5-155 
PA-5-252 
PA-5-255 
PA-5-502 
PA-5-505 
PA-50- 1005 


•  Conforms  to  ASTM 

•  Simplified  opera- 
tion,  includes  auto- 
matic  stepping  and 
timing. 

•  electrode 
holder  for 

•  Operable  by  un¬ 
skilled  personnel. 

Price:  Model  ART-I  $2475.00 


Know  what  you'r*  going  to  hoar — and 
know  what  you'vo  hoard 


and  distributed  at  the  conference. 
The  book  provided  attending  engi¬ 
neers  with  the  entire  text  of  each 
speaker. 

Selective  Information 

If  after  examining  the  text  of 
a  particular  talk  an  engineer  finds 
it  afield  of  his  intere.st  he  can  skip 
the  paper  without  fear  of  a  hasty 
decision.  If  on  the  other  hand  he 
finds  the  paper  particularly  inter- 


FOR 

COMPLETE  ELECTRONIC 


9851  S.  SrpulvPNia  Blvd. 
Lot  Angefe*  45.  Clalif. 
oivifAioi^a: 

AiReaetrch  Manufarturin^t 
Lot  Angrlea 

AiBe«rarrh  Manufacturing 
Fhoenii 

AiReacarch  Industrial 
Rex  ~  Aero  Engineering 
Aimuf^ly^  Air  Cruiaert 
Ainesearch  Aviation 
k  Service 
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RAN6C  1 

15,000  V  rm$. 

2KVA 

15,000  Vrms. 

5KVA 

25,000  V  rms. 

2KVA 

25,000  V  rms. 

SKVA 

50,000  V  rms. 

2‘.VA 

50,000  V  rms. 

5KVA 

100,000  V  rms. 

5KVA 

LIGHTWEIGHT 


air  conditioning  lor 
missile  support 


The  mobility  problem  in  cooling  elec¬ 
tronic  equipment  in  vans  and  (or  mis¬ 
sile  pre-launching  has  been  answered 
by  new  AiResearch  Freon  air  condi¬ 
tioning  units.  One-fourth  the  weight 
and  one-third  the  size  of  conventional 
equipment,  these  lightweight,  air- 
transportahle  units  utilize  highly 
efficient  AiResearch  Freon  compo¬ 
nents  (see  diagram)  originally 
developed  for  commercial  aircraft 
applications. 

Heat  source  for  the  circuit  can  he 


either  electrical,  or  exhaust  gas  from 
an  AiResearch  gas  turbine.  When  the 
gas  turbine  assembly  includes  an 
alternator,  it  supplies  400  cycle  power 
to  run  both  the  refrigeration  unit  and 
all  electronic  gear  in  the  van. 

Easily  operated  manually  or  auto¬ 
matically,  this  compact  air  condition¬ 
ing  unit  provides  from  5  to  12  tons 
cooling  capacity  and  up  to  85,000 
BTu’s  per  hour  heating  capacity.  It 
operates  on  400  cycles,  208  volts.  The 
unit  shown  stands  .54'  high,  52'  wide 


SPECIFICATIONS 

Performance  Data: 

Typicst  operaf/on— cooling 

Refrigerant 

Freon  12 

Evaporator  tonnage 

7.5 

Ambient  temperature 

100F 

Condeneer  air  flow 

5000  cfm 

Condensing  temperature 

131 F 

Evaporator  air  flow 

1230  cfm 

Eiternal  distribution 

ducting  pressure  drop 

2  in  H2O 

Evaporating  temperature 

48F 

Electrical  power 

26KVA 

and  27"  deep,  with  a  charged  weight 
of  only  452  lbs.!  Your  inquiries  are 
invited. 


ENSINEERINC  RCeRESCNTAriVES  AIRSum.T  AND  AERO  ENGINEERING  OfnCtS  IN  MAXW  CIUES 


AiResearch  Manufacturing  Divisions 


Lus  Angeles  45,  California  •  Phoenix,  Arizona 

Systems,  Packages  and  Components  for:  aircraft.  MisstLE.  electronic,  nuclear  and  industrial  applications 
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eating  he  can  carefully  prepare  any 
questions  he  would  like  to  ask  dur¬ 
ing  the  Question  and  Answer 
period. 

Making  Notes 

When  a  per.son  reads  the  text  of 
a  talk  he  makes  u.se  of  one  sen.se — 
sight.  When  he  hears  a  talk  de¬ 
livered,  many  additional  factors 
can  influence  his  understanding  of 
the  paper.  Inflection  in  the  speak¬ 
er’s  voice  and  his  facial  expre.ssion 
either  add  importance  to  a  .sen¬ 
tence  or  take  away  from  its  sig¬ 
nificance.  Gestures  of  the  speaker 
can  make  .seemingly  stupid  text  be¬ 
come  very  understandable.  If  the 
engineer  in  the  audience  has  a 
bound  copy  of  all  conference  papers 
he  can  write-in  the  neces.sary  mar¬ 
ginal  notes  to  make  the  papers 
i  meaningful  to  him.  After  the  con- 
I  ference,  the  b<M)k  becomes  a  per- 
j  .sonal  and  worthwhile  reference. 

Ideal 

The  ideal  situation  is  to  have 
bound  proceedings  available  two 
weeks  before  the  conference.  At¬ 
tending  engineers  can  then  ade¬ 
quately  prepare  for  papers  which 
are  particularly  interesting  to 
them.  It  seem."*  almost  a  natural 
that  conference  se.ssions  held  under 
such  conditions  will  be  more  excit¬ 
ing  and  interesting. 

Copies  of  the  I’nK'eeding  of  the 
1958  Fllectronic  Components  C4)n- 
ference  can  be  obtained  from  the 
Kugiueerihs/  Pi(hlinhers,  GPO  Box 
1151,  N.  Y.  1,  N.  Y. 


Smallest  Molded 
Mica  Capacitor 
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Subminiature  capacitor  designed  to  help 
reduce  miaaile  eixe  and  weight 

A  C.APACITOR  75  per  cent  smaller 
and  G9  per  cent  lighter  than  the 
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Specifically  for  instruments  and  test  consoles  which  must  operate 
on  50  60  cps  in  the  lab  and  on  aircraft  400  cps  power  supply.  Con¬ 
tinuous  operation  over  a  frequency  range  from  45  600  cps  without 
the  use  of  switching  components  or  duplicate  power  connectors. 
Long  operational  life.  Meets  both  military  and  federal  specifications. 


Model 

Type 

OF 

KRS-301 

DFE 

KRS401 

DFE 

KRS-4501 

DRPP 

KRS-1504 

DR 

KRS-202 

DR 

KRS-2501 

1.0 

115 

2.7 

0.25 

9 

14 

1.2 

20 

25 

1.7 

1.0 

33 

40 

3.0 

Approilmate 

Dimensions 

3”x3''x3' 

4''x4’x3%' 

4y2''x4y2''x5'’ 

3''x3"x3V4' 

4'’x3y2'’x4'’ 

5”x4V4'x5' 


TO 

600 

CPS 


Dual  r  nujupucy 
\  ithaiit  Swilchiu 

FANS  AND 


Write  today  for  detailed  technical  information  to  .  .  . 


ROTRON 


mfg 


CO 


inc 


more  INDUSTRIAL 
RETAINING  RINGS 


to  do  more  jobs  for  you 
.  . .  all  descinhed  in  the 

NEW  IRR  CATALOG 


Induttrial  Retaining  Rings  now 
com*  in  more  types  and  sizes 
. . .  ready  to  ship  from  stock 
immediately. 

INDUSTRIAL  RETAINING  RING  CO. 

i1  Cordier  St.,  Irvingten  II,  N.  J. 

L  Orif  inetert  et  me4ern  f  ^ 

I  rrteieiny  rinf  4np*ntim^  yr 

*  MAIL  THIS  COUPON  TODAY 


A  copy  of  this  quick-reading,  8-pag9 
booklet  is  yours  for  the  asking.  It  con¬ 
tains  many  facts  on  the  benefits  de¬ 
rived  from  your  business  paper  and 
tips  on  how  to  read  more  profitably. 
Write  for  the  “WHY  and  HOW 


INDUSTRIAl  RCTAININC  RING  COMPANY  / 

57  Cordier  Street,  Irvington  1 1,  New  Jersey  / 

PInose  send  o  copy  of  the  new  IRR  cotolog  ond  free  ring  somples. 


COMPANY 


STRItT 


McGro’w-Hill  Publishing  Company,  Room  2710, 
330  Wost  42nd  St.,  Now  York  36,  N.  Y.  '' 


STATE. 


ZONE. 


CIRCLE  S4  READERS  SERVICE  CARO 


theory  »  design  .  performance 
of  electronic  circuits 


ELECTRON  TUBE  CIRCUITS 


ELECTRONIC  SEMICONDUCTORS 


Just  Published.  A  rigorous  end  zyitemAtlc  Introduction  to  semiconductor 
physics,  developing  the  subject  logically  from  simple  concepts  end  giving 
clear  pictures  of  the  conduction  mechanism  of  electronic  semiconductors 
within  the  framework  of  the  bond  mndef.  Among  the  book's  outstanding 
features  are  the  treatment  of  acceleration  of  electrons,  the  Zener  effect, 
etc  Book  Is  a  translation  of  the  2nd  German  edition  of  Klrklroninlie 
Halhlriirr  by  Cberhsrd  Spenke.  Translated  by  O.  Jenny,  M.  Kroemsr, 
C.  O.  Rambcrg.  and  A.  H  Sommer,  RCA  Laboratories.  430  pp.,  1S3  illus., 
Sll  00 


BASIC  FEEDBACK 
CONTROL  SYSTEM  DESIGN 


Just  Published.  Bases  the  study  of  feedback  control  system  design  on 
complex  frequency  plane  analysis — the  root-locus  A  wide  range  of 
servo  transducers  and  components  are  covered  Recent  advances  covered 
Include  a  section  of  gyroscopes  and  force-balance  transducers.  Inertlsd 
navigation;  analysis  of  nonlinear  systems  such  os  the  describing  func¬ 
tion  technique  and  phase  plane  analysis.  Frequency  methods, 
such  as  Nyquist  and  Bode,  are  Included.  By  C.  C.  Savant, 
L.  of  Southern  Cal.  41*  pp.,  Illus.,  S9.M 


RANDOM  SIGNALS  AND  NOISE 


Just  Published.  An  Introduction  to  the  statistical  theory  underlying  the 
study  of  Fisnals  and  noises  In  communication,  systems  Contains  an 
Introduction  to  probability  theory  and  statistics,  a  discussion  of  the 
statistical  properties  of  the  Oaussian  random  process,  a  study  of  the 
results  of  passing  random  signals  and  noises  through  linear 
and  nonlinear  systems,  and  an  Introduction  to  the  statistical 
theory  of  the  detection  of  signals  In  presence  of  noise.  By 
M/illiam  B.  Davenport.  Jr.,  and  William  L.  Boot,  I  .n. 

Laboratory,  M  I  T  3«3  pp.,  illus.,  310.00  '^^915 


SEE  ANY  BOOK  10  DAYS  FREE 


.  '^^f.*.,r,,..--Hill  Book  Co.,  Dept,  f  1-5-9  327  W.  41tt  Sf.,  New  York  36 

^  Send  me  bookts)  checked  below  for  10  days’  examination  on 
^  approval.  In  10  days  1  will  remit  for  bookis)  1  keep  plus  few 

^  r  cents  for  delivery  costs,  and  return  unwanted  bookts)  postpaid. 

<We  pay  delivery  costs  If  you  remit  with  this  coupon — same 
return  privilege  ) 

Spenke  -  Elect.  Semiconductors.  311.00  n  Kunz-- Numerical  Analysis.  38  00 
Davenport  it  Root — Random  Signals.  SlOllO  □  Seely — Elect.  Tube  Circ.,  $10.50 
□  Savant — Feedback  Cont.  System  Design,  $9.50 


NUMERICAL  ANALYSIS 


Just  Published.  Covers  the  topics  most  directly  needed  for  a 
clear  understanding  of  methods  used  In  numerical  solution  of 
differential  equations,  both  ordinary  and  partial,  and  In  the 
solution  of  Integral  equations.  Clearly  explains  the  use  of 
finite-difference  methods  In  obtaining  numerical  solutions  to 
problems,  emphasizing  procedures  which  can  be  most  readily 
programmed  for  an  electronic  digital  computer.  Many  helpful 
techniques  such  as  the  u.se  of  lozenge  diagrams  for  numerical 
differentiation  and  Integration  are  supplied.  By  Kaiser  S. 
Kunz  Ridgefield  Research  Lab.  3S1  pp..  40  illus.,  3B.00 


Name 


Address 


Zone 


State 


Position  . 

For  price  and  terms  outside  U.S. 


. Company . . 

write  McGraw-Hill  Int'l.,  N.  Y.  C. 
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World’s  Finest  Cored  Solder! 


If  You’re 

SOLDERING  A  “TOUGH  JOINT”. 


Remember  that  '  dry  ' 
or  corroded  joints,  on 
the  production  line, 
lead  to  slow-ups, 


cost  you  money! 


CHANGE  TO  NEW  MULTICORE  5-CORE  SOLOER 


Being  Nearer  The'Wurce  Of 

THE  5  CORES  OF  ERSIN  FLUX 


Melt 

WET  THE  SOLOER  ANO  THE  METAL  FASTER. 


And  Presto... 

YOU  GET  A  THIN,  WlOE  JOINING-NOT  A  BALL! 


'\  TIM  M 

l\  99  9T%  P"'* 


It's  the  only  solder 
with  non-corrosive, 
extra-active 
Ersm  Flux . 

5  cores  to  guarantee 
uninterrupted  flux  in 
every  smallest  piece 
of  the  wire! 


There’s  only  a 
skin-thin  wall  of 
solder  between  the 
flux  and  the  iron  . . 
yet  with  less  total 
percentage  of  flux 
than  in  many 
single-cored-solders! 


The  Ersin  Flux  spreads 
from  5  areas  instead 
of  1,  and  the  entire 
solder  is  instantly 
fluid  . . .  runs  faster 
and  more  evenly, 
though  its  actual 
melting  temperature, 
alloy  for  alloy,  is 
of  course,  the  same 
as  that  of  any 
other  solder! 

Pre-wetting,  by 
5  molten  cores  of  flux, 
insures  instant 
spreading  and 
gripping,  even  on 
difficult  metals  Yes- 
it  saves  money  . 
permits  lower  tin 
content  alloys  than 
you  may  be  using  in 
other  solders' 


1  ^ 

1 

i  |v^ 

1 

t 

1/ 

2?^ 

A<Mprss  USA  «fK}  Canadian  to  Dept  M( 

!  ”  MULTICORE  SALES  CORPORATION,  80  Shore  Road,  Port  Washington,  N  Y. 

Inquirres  recard'OC  nfher  territories  to 

MULTICORE  SOLDERS.  LTD..  Maylands  Ave.,  Hemel  Henpstead,  Herts,  England 


nearest  comparable  unit  has  been 
produced  by  the  Micmold  Elec¬ 
tronics  Division  of  General  Instru¬ 
ment  Corporation.  It  appears  to  be 
a  big  stride  in  the  search  for  a 
way  to  make  high-reliability  com¬ 
ponents  smaller — especially  in  mis¬ 
siles  which  use  from  200  to  30,000 
capacitors  of  various  types. 

Characteristics 

The  capacitor  weighs  one-half 
gram  and  is  .37  inches  long,  .19 
inches  wide  and  .11  inches  thick. 
Capacitance  range  is  from  5  fi/if 
through  240  /i/if  with  tolerances 
from  ±2  to  :i-20  percent.  It  is  avail¬ 
able  in  C  or  D  characteristics  in 
capacitance  ranges  below  50  /i^f  and 
in  (\  D  or  E  characteristics  in  ca¬ 
pacitance  ranges  from  51  fifit 
through  240  /i^f.  Working  voltage 
is  300  volts  at  85C  and  200  volts 
at  125C.  Dielectric  strength  is  200 
percent  of  rated  voltage.  The  new 
component,  called  A  “Mi.ssil-Mite,” 
is  available  in  production  quan¬ 
tities. 

Funnel  Flange  Eyelets 
for  Printed  Circuits 

Mountino  eyelkts  in  printed-cir¬ 
cuit  lioard  holes  with  a  funnel 
flange,  instead  of  the  rolled  head 
usually  used  to  hold  eyelets  in  place, 
has  two  major  advantages.  It  per¬ 
mits  faster  and  easier  in.sertion  of 
a  component  lead  in  the  eyeleted 
hole  whether  done  by  hand  or  ma¬ 
chine.  And  it  provides  a  mechan¬ 
ically  stronger  eyelet  since  the 
underside  of  the  funnel  flange  at¬ 
tracts  a  generous  solder  fillet  when 
dip  soldered. 


Mounting 

Circon  Component  Corporation. 
Goleta,  Calif,  calls  their  new  eye¬ 
let  a  Fnnelet.  Becau.se  the  Funelet 
is  mounted  in  the  printed  circuit 
board  by  merely  spreading  one  end 
of  the  eyelet — instead  of  the  “roll¬ 
over,  pressdown”  operation  re¬ 
quired  with  conventional  eyelets — 
rejected  assemblies  due  to  imper¬ 
fect  eyelets  are  practically  nil. 

Dependability 

A  quality  test  of  over  300,000^ 
eyelets  did  not  produce  any  imper- 


108 


CIRCLE  85  READERS  SERVICE  CARD 


May  9,  7958  —  ELECTRONICS  engineering  edition 


feet  eyelets.  The  cost  savings  from 
jammed  equipment,  down-time,  and 
damaged  work  caused  by  an  im¬ 
perfect  eyelet  helps  offset  the 
slightly  higher  co.st  of  Funelets. 


COMPETITIVELY  PRICED 
ONE  OR  THOUSANDS 
SINGLE  OR  GANGED 


GIANNINI 

Precision 


Funnel  Flanqe  •yelel  permit*  eaaier  com¬ 
ponent  lead  insertion  (B);  and  solder  iillet 
(A)  gives  a  more  reliable  structure  than 
rolled-head  (C). 


Strangely  enough  even  though  it 
was  developed  as  a  precision  part, 
rircon  claims  many  of  the  largest 
volume  users  are  manufacturers  of 
commercial  low  cost,  competitive 
printed  circuits  who  willingly  pay 
the  added  price  because  of  the  re¬ 
liability  obtained. 


Ready  for  rapid  j 
delivery...  meet 
rigid  requirements 


Gold  Shot-Burnished 

A  24  carat  gold.  ahot-burniahe<l. 
ttverlay  inside  and  out  is  applied 
with  a  technique  which  eliminates 
“splatter”  of  plated  metal  when  eye¬ 
lets  are  machine  set.  Gold  is  first 
plated  to  thickness  of  eighty  mil¬ 
lionths  of  an  inch.  The  .shot-p<!ining 
and  burnishing  pr«»cess  fuses  the 
gold  in  the  surface  pore  structure 
of  the  brass.  The  resultant  surface 
layer  of  gold  is  fifty  millionths  of 
an  inch  thick,  highly  malleable  and 
will  not  peel,  scale,  blister  or  delam¬ 
inate  when  the  eyelet  is  machine 
mounted. 


ITEM: 

Model  1437  (NAS-710,  style  RRI5) 
RESISTANCE:  100  to  160,000  0 
LINEARITY:  0.5%  to  0.1% 
RESOLUTION:  to  3900  wires 


ITEM: 

Model  1750  (NAS-710.  Style  RRI8) 
RESISTANCE:  100  to  300,000  12 
LINEARITY:  0.5  to  0.1% 
RESOLUTION:  to  5,000  wires 


ITEM: 

Other  Models  from  to  3' 
diameter.  Ganged  units  are 
externally  phaseable. 


"Gianniwi  Technical  Notes”  announces 
various  instruments  and  controls  which 
are  available  for  2^  hour  delivery. 


Resistance 

(’ontract  resistance  of  the  shot- 
burnished  surface  is  very  low  and 
retains  its  characteristics  in  corro¬ 
sive  environments.  It  is  highly 
.solderable  even  after  adverse  stor¬ 
age  conditions. 

Kyelets  are  available  in  .standard 
increments  of  correct  size  to  fit 
hole  diameters  varying  from  A  in. 
to  A  in. 


Giannini  measures  &  controls 


PtECISKM 
iNSTitUMCirrs 
AND  CONTRaS 


G.  M.  GIANNINI  A  CO..  INC.,  918  EAST  GREEN  STREET,  PASADENA,  CALIF. 
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Wheel-Ilk*  machine  ■implUiea  hand  aealin?  operation.  Tubes  are  heated  at  operator's  Tubes  are  placed  in  metal  heat  con- 
lelt  and  cooled  at  riqht.  RadioactlTe  brush  to  clean  mica  windows  is  in  foreground  centrators  after  windows  are  positioned 
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Rotary  window  sealing  machines 
speed  kylstron  tube  output,  furnish 
more  positive  control  over  produc¬ 
tion  and  require  less  operator  skill. 
Varian  Associates,  Palo  Alto,  Calif., 
designed  and  built  the  machines  for 
$1,100  each. 

Merry-go-round  takes  16  kly¬ 
stron  tubes.  At  each  station,  a  tube 
nestles  in  block  of  metal  which 
concentrates  the  heat.  Heat  is  sup¬ 
plied  by  induction  by  paired  coils 
of  a  Lepel  heating  unit  as  the  tube 
approaches  the  operator. 

The  tube  is  covered  with  a  small 
glass  bell  jar  with  a  hole  in  its  top 
to  allow’  access  by  the  operator. 
Nitrogen  gas  is  piped  in  to  provide 
an  atmosphere  which  w’ill  keep  the 
tubes  clean  and  prevent  oxidation. 
Sixteen  flow  meters  in  the  center 
of  the  wheel  supply  the  bell  jars. 

A  built-in  cooling  system  directs 


Glass  seal  Is  applied  while  tuba  Is  be¬ 
tween  heating  coils.  Tube  at  right  Is  being 
brought  to  sealing  temperature 


a  blast  of  cool  air  on  the  operator’s 
hands,  since  she  works  directly 
above  intense  heat. 

Mica  windows,  w’hich  cover  tube 
apertures,  are  cleaned  by  pa.ssing 
them  between  radioactive  brushes 
made  by  Nuclear  Products  Co.,  El 
Monte,  Calif.  This  removes  static 
electricity,  freeing  lint.  The  win¬ 
dow  is  placed  in  the  tube’s  metal 
flange  w’ith  tweezers. 

The  tube  is  placed  under  the  bell 
jar  and  brought  to  correct  tem¬ 
perature.  Special  glass  is  applied 
around  the  window  .seat,  which  is 
now  hot  enough  to  effect  a  .seal.  A 
weight  is  placed  over  the  hole  in 
the  bell  jar  to  maintain  nitrogen 
pressure  while  the  tube  cools. 

The  wheel  is  turned  to  the  right 
and  the  operations  repeated  on  the 
next  tube,  which  has  been  heating. 
As  the  sealed  tubes  make  the  cir¬ 


Cards  placed  between  nitrogen  flow 
meters  provide  permanent  production  hia- 
tory  of  each  tube 


cuit  and  cool,  they  are  removed  one 
by  one  and  replaced  at  a  rate  of  50 
to  60  a  day. 

The  glass  u.sed  for  sealing  is 
made  by  Corning  Gla.ss  Co.  The 
flange  is  Allegheny  Ludlum  Steel 
Co.  Sealmet,  an  alloy  developed  for 
glass  sealing.  The  two  have  equal 
coefTkients  of  expansion. 

Instruments  Boxed  On 
Foam-cushioned  Base 

Free  ixoating  suspension  method 
of  packing  is  employed  by  Ampex 
Corp.,  Redw(K>d  City,  Calif.,  to  ship 
tape  recorders.  The  technique,  the 
firm  reports,  has  reduced  customer 
damage  claims  to  le.ss  than  i  per 
cent. 

Package,  made  by  Crate-Rite 
Mfg.  Co.,  Oakland,  Calif.,  consists 
of  a  fir-plywood  floating  deck,  ply¬ 
wood-covered  base  framed  with 
lumber,  and  sides,  ends  and  top 
of  i  inch  plywood  veneer  overlaid 
with  paper  and  glue-laminated  to 
200-pound  corrugated  l)oard  which 
forms  corners  and  lap  joints. 

The  ba.se  is  framed  around  its 
perimeter  with  2x4’s  with  a  2x2 
brace  down  the  center.  For  fork¬ 
lift  handling,  .“ixT’s  are  spiked  to 
the  frame  bottom.  The  2x4’s  are 
covered  with  J  inch,  5-ply  fir  ply¬ 
wood. 

The  floating  platform  is  made 
6f  I  inch  plywood  for  600-1,000 


I 
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Sylvanial  RF-IF  Transistors 


Five  new  PNP  Drift  transistors,  types  2N247,  2N370,  2N371,  2N372 
and  2N544,  for  radio  frequency  amplifier  service 


Sylvania’s  new  PNP  Germanium  Drift 
transistors  feature  high  output  resistance 
for  increased  gain  at  1.5  me  to  20  me, 
low  feedback  capacitance  and  high  alpha 
cutoff  frequency. 

Designed  for  RF-IF  circuits,  they  open 
the  door  to  more  transistorized  electronic 
equipment  operating  from  the  broadcast 
band  to  the  higher  frequencies. 

The  new  Sylvania  drift  transistors  in¬ 
corporate  a  diffused  base  on  an  intrinsic 
germanium  layer  for  improved  control 
over  base  thickness,  more  uniform  base 
region,  lower  base  resistance  and  reduced 
collector  capacitance.  The  end  result  is  su¬ 
perior  performance  at  higher  frequencies. 

The  new  PNP  drift  transistors  feature 
Sylvania  welded  hermetic  seal  construc¬ 
tion  for  maximum  protection  in  rugged 
environments.  They  are  encased  in  a 
modified  JETEC  class  30  case  with  four 
flexible  in-line  leads.  The  additional  cen¬ 


ter  lead  is  connected  to  the  metal  case 
providing  a  complete  unit  shield  and 
interlead  shield.  Coupling  to  adjacent  cir¬ 
cuit  components  is  reduced  to  a  minimum. 


Call  your  Sylvania  Sales  Representative 
or  write  direct  for  information  on  new 
Sylvania  PNP  drift  transistors,  types 
2N247,  2N370,  2N371,  2N372  and  2N544. 
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Sylvania  Electric  Products  Inc. 
1740  Broadway.  New  York  19,  N.  Y. 
In  Canada:  Sylvania  Electric  (Canada)  Ltd. 
Shell  Tower  Bldg..  Montreal 
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Floating  bate  goes  on  loam  blockt.  Bolts 
in  bate  are  capped  with  springs 


pounds  units,  appropriate  thick¬ 
nesses  for  other  weights  and  crate 
sizes.  The  Ikix  used  for  most  ship¬ 
ments  is  00x40x1^6  inches  and  is 
shipped  horizontal.  It  may  contain 
several  units  of  smaller  size. 

In  packing,  the  instrument  is 
first  covered  with  a  I  inch  paddinj? 
and  a  4-mil  polyethylene  baif  left 
un.sealed  tr»  prevent  interior  con¬ 
densation. 

The  platform  is  secured  to  the 
base  with  8  steel  coil  springs  Ixdted 
through  base  and  platf«)rm.  The 
springs,  to  ab.sorb  shcak,  are 
wrappe<l  to  protect  the  cabinet  fin¬ 
ish.  Separating  the  ba.se  from  the 
floating  deck  are  2  inch  pads  of 
polyurethane  foam  held  in  place 
by  the  springs  and  distributed  ac¬ 
cording  to  the  weight  of  the  ship¬ 
ment. 

A  pad  is  laid  over  the  deck  and 
the  instrument  is  laid  on  this  and 
strapped  with  :$  steel  bands  placed 


For  industrial  automatic  controls  and  ground 
military  tracking  ecjuipment,  Ferrac  magnetic 

amplifiers  provide  exceptional  stability.  These 
hermetically  sealed  units  require  no  bias  or 
compensation ;  null  balance  is  permanently  built  in. 

They  operate  directly  from  115-volt  60-CPS  power 
line.  Standard  units  are  available  from  current 
production  for  general  purpose,  thermocouple 

amplifier,  integrators,  and  high  gain 
(5  volts  out  for  100  microamperes  in). 


f»rr»c 
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Padded  and  bagged  recorder  it  strapped 
to  padded  base.  Springs  have  been 
padded  also 
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Sid*t  and  top  oi  box  are  taped  and 
■tapled  in  place 


UVi7«  _/l»r  cxtinsiie  application  data  and  catalog  material. 
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over  double  wrappinjrs.  The  veneer 
sides  and  ends  are  stapled  in  place. 
Knd  and  side  joints  are  taped  and 
the  top  is  stapled.  Battens  of  1x4 
inch  liinil>er  brace  the  tops. 

Advantages  over  previous  pack- 
afrinff  methods  are  reported  as  re¬ 
ductions  in  cost,  packajfinfir  time 
and  shipping  weight,  a  clean  sur¬ 
face  for  printing  identification  or 
advertising  and  standardization  of 
package  size. 


Bare  conductora  ied  Ihrouqh  holes  oi  con¬ 
tact  plate 


G-V  CONTROLS  INC. 

24  Hollywood  PlazA  East  Orange.  New  Jersey 


T  1 


11 


Plates  Connect  Ribbon 
Cable  to  Terminals 


I’RKPl  NrilKl)  supporting  plates  suit¬ 
able  for  connecting  riblion  cables 
to  printed  circuit  lioards  or  mating 
female  terminals  are  employed  in 
a  connector  family  made  by  KIco 
Corp.,  Philadelphia.  F’a. 

UiblKin  cables  with  conductors 
embedded  in  plastic  or  with  con¬ 
ductors  printed  on  one  or  Ixith  aides 
of  plastic  are  joined  by  similar 
methods.  Any  spacing  or  pattern 
can  be  handled. 

First  step  with  the  embedded  con¬ 
ductor  type  of  cable  is  to  remove 
the  insulation  from  1  inch  at  the 


G-V  thermal  time  delay  relays,,, 
protect  cathodes  in  RCA's 

TV  microwave  relay  system 


G-V 


When  the  industry  required  a  portable  microwave  repeater  station 
that  behaved  like  a  permanently  installed,  unattended  unit.  RCA 
developed  its  Television  Microwave  Relay  Station,  Type  TVM-IA.  In 
it,  to  protect  the  unit's  cathodes,  RCA  design  engineers  rely  on  G-V 
thermal  time  delay  relays  to  delay  the  application  of  plate  voltage. 


In  both  industrial  and  military  equipment,  G-V  thermal  relays  are 
providing  long,  dependable,  proven  service  in  time  delay  applica¬ 
tions,  voltage  and  current  sensing  functions  and  circuit  protection. 


TNCSMAt 

TIMiD&AY 

•CLAY 

TYPE  -RM-IO 
»f  ATt  R  28* 
SET  FOR  5S 


N.0 


COWIACTS 


•  V  CONTROIS 


■a 

t  ‘ 


' '  T'- 


end  of  the  cable.  Bared  conductors 
are  placed  on  top  of  a  prepunched 
supportintr  plate  to  line  lip  with 
contact  leg  holes  in  the  plate.  Loose 
ends  of  the  conductors  are  pushed 
through  the  contact  leg  holes. 


Contacts  on  plostic  strips  fit  into  holes 
in  plate 


S-t303 


After  contacts  are  staked  and  excess  con¬ 
ductor  cut  off.  plate  is  ready  for  solder 


The  required  number  of  lower 
tier  cttntacts,  supplied  on  plastic 
strips,  are  in.serted  through  the 
corresiMtnding  holes  of  the  support¬ 
ing  plate  and  staked  to  the  board. 
A  pad  presses  the  cable  against  the 
supporting  plate,  fastening  the 
cable  t«)  the  latard.  The  contact  leg 
presses  against  the  bare  conductor 
at  the  hole  of  the  supporting  plate, 
l>onding  contact  and  cable  con¬ 
ductor. 

After  removal  of  the  plastic 
strip,  the  upper  tier  contacts  are 
in.serted  and  staked.  Kxce.ss  con¬ 
ductor  material  is  cut  off  and  the 
supporting  plate  is  dip-soldertMl  on 
the  staked  side. 

The  supporting  plate  has  two 
slots  through  which  the  free  end 
of  the  cable  is  fed.  This  .secures  it 
to  the  plate,  preventing  strain  at 
connector  joints. 

Cables  with  printed  conductors 
already  have  bare  conductors  at  the 
points  of  connection  with  holes, 
corresponding  to  the  contact  leg 


Choose  from  a  wide 
range  of  attenuation 
patterns  from 
14kc  to  10,000  me. 


&-M33.I 


Aerovox  offers  a  complete  selection  of  high 
attenuation  screen  room  filters  in  single, 
double  and  triple  section  units  to  comply  with 
the  rigid  specifications  of  advanced  type 
screen  room  designs.  Each  filter  is  hermeti¬ 
cally  sealed  and  terminals  at  both  ends  are 
shielded.  Easy  mounting  arrangements  plus 
high  attenuation  performance  assures  you  of 
the  finest  equipment  specifically  designed 
for  screen  room  use. 


VI36I.I 


S-1076.  S-I30* 

'^AIUNUAIION  IN  0ECI811S— ^ 


Write  for  technical  details  to 
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•  •  •  from  Victoreen 


CORONA  TYPE  HIGH  VOLTAGE 
REGULATORS  WITH  CURRENT 
CAPABILITIES  AND  SLOPES 
NEVER  BEFORE  OBTAINABLE 


Other  tido  ol  support  plates,  with  taper 
lab  aitd  stand-oil  contocts 


location.  The  cable  is  placed  on  top 
of  the  supportinf?  plate  so  that  the 
conductors  line  up  with  corre.spond- 
injr  contact  lejf  holes  in  the  sup¬ 
porting  plate.  Contacts  on  pla.stic 
strips  are  in.serted  and  staked  as 
de.Hcril)ed  previously. 

In  Ijoth,  the  stakinir  creates  a 
pressure  connection  between  con¬ 
tact  tail  and  conductor.  Soldering 
jrives  a  .second  independent  con¬ 
nection,  thus  increasinK  the  re¬ 
liability  of  the  joint. 


OV6A- 

2000 


GV6A 


GV3B 


GV5A 


GV9A 


Peephole  Packing  Case 

CoRRi’CATED  cardboard  cartons 
ustMi  to  ship  portable  television  re¬ 
ceivers  made  by  Admiral  Corp., 
Chicago,  111.,  contain  three  knife 
cut  .section.H.  Two  viewinj?  slots  5 
by  7  inches  provide  access  tt)  the 
picture  controls  and  power  cord. 
Another,  4  by  li  inches,  expo.ses  a 
portion  of  the  picture  tube.  A 
dealer  can  check  out  the  packed  re¬ 
ceiver  by  merely  pre.ssinj?  in  the 
knife-cut  .sections,  eliminating  the 
nece.ssity  for  opening  and  re.sealinjf 
the  carton.  A  heavier  than  normal 
corrugated  material  is  u.sed  to  in- 
crea.se  the  strenjrth  of  the  carton 
for  warehttusiriK  and  shipping. 


OV9A- 

2000 


)00  2000  3000  400C 

CURRENT  (UA) 

Maximum  currents  to  4  ma 
Peak  currents  to  9  ma 
Regulation  to  1.5%/ma 
Voltages  from  400  to  3000 
9  pin  and  octal  base  tubes 
In  use  by  the  military 


Acid  Sharpens  Files 

Worn  hand  files  and  similar  tools 
may  be  sharpened  in  an  electrolytic 
sulphuric  acid  bath.  Files  are 
placed  as  anodes  in  a  56  percent  .so¬ 
lution  of  acid  in  a  lead-lined  tank. 
Cathodes  are  stainle.ss  steel.  As  a 
current  of  100  amperes  at  8  to  10 
volts  dc  pa.s.ses  through  the  bath, 
the  teeth  of  the  files  are  eaten  away 
.so  that  a  new  cutting  edge  is 
formed  on  each  t(M>th. 


Mok*  Victorsan  your  hoadquorters  for 

high  voltage  regulotion.  Send  for  Form  2022A  and 
Form  2023A  describing  the  GV6A  and  GV9A 
line  of  corona  type  voltage  regulators. 


The  Victoreen  Instrument  Company 

Componont*  Division 
5806  Hough  Avenue  •  Cleveland  3,  Ohio 
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NEW  PRODUCTS 


New  Tape  Equipment  Arrives 


1.  OLYMPtC  RADIO  &  TEUVISION  CO. 


7.  PRESTO  RECORDING  CORP. 
Prol^iiiomil  Top*  l*c*fdtr 


3.  TELECTRO  INDUSTRIES  CORP 

Top*  Tromport 


4.  POTTH  INSTRUMENT  CO.,  INC. 


5.  LItRASCOPE,  INC. 
Top*  D«mofw*>iw 


Industry,  Military  Benefit 


Bom  entertainment  and  data  recording  keep  interest  in  magnetic  tape 
and  associated  electronic  and  mechanical  cc|nipment  high.  Industrial 
and  militars-  applications  arc  cons-tantly  increasing. 

Olympic  Radio  &  'lelcvision  Co.,  34-01  3Sth  Ave.,  I..  I.  C.,  N.  Y., 
(300),  annonnccs  model  R\-11S  magnetic  tape  recorder-reproducer.  It 
is  adaptable  for  use  in  airport  tower  work.  Naval  sonar  recording.  I'CC 
broadcast  monitoring  and  other  applications.  It  records  one  or  two 
separate  audio  channels  simultaneously  on  one  reel  of  ta|x-  for  24  hours 
without  reloading. 

Now  available  from  Presto  Recording  Corp.,  P.  ().  Box  500,  Paramus, 
N.  I-,  (301),  is  the  SOO  senes  of  professional  tape  recorders  designed  for 
radio  stations  and  industrial  users.  I  hcy  feature  three  motors,  a  101 
reel  capacity  and  solenoid  actuated  brakes,  whose  new  design  eliminates 
frecjucnt  readjustment. 

'I’electro  Industries  Corp.,  35-16  37th  St.,  L.  I.  C..  N.  Y..  (302),  has 
developed  the  r.\-I085,  a  14<hanuel  magnetic  tape  transjxirt  that 
drives  the  tajx-  with  extremely  low  flutter.  Modes  of  o|xrati()n— 
“record,”  “playback."  “fast  forward,”  “sto])”  and  “f  ist  rewind”— may 
be  remotely  controlled. 

Model  3270  miniature  random  access  memory  is  oftered  In  Potter 
Instrument  Co.,  Inc.,  Sunnyside  Blvd.,  Plainview.  L.  I..  N.  (303). 

It  consists  of  a  tajx  transport  mechanism  with  transistorized  drive 
and  programming  circuitry.  Isach  of  the  two  reels  on  the  transport 
contains  approximately  35  ft  of  one-in.  tape. 

I.ibrasco|x-,  Inc.,  40  Is.  X'erdugo  .\ve.,  Burbank.  Calif..  (304).  has  in 
production  a  large  t\pe  ta|x  demagnetizer  for  broadcasting  and  data 
tapes.  Reels  up  to  lOi  in.  in  diameter  for  ta|x  widths  up  to  2  in.  can 
lx  handled.  Rapid  degaussing  is  accomplished  through  the  automatic 
turntable  which  eliminates  the  hand  rotation  method. 


Electrostatic  Source 
for  lab  experiments 

I'oRisi  Prodi'cis.  Inc.,  131  Port¬ 
land  St.,  C7uiibridge.  Mass.  .\  new 
electrostatic  generator,  designed  for 
laborators  e\])eriments  re(|iuruig  a 
eoutiuuous  source  of  static  elec- 
trieitv.  stands  1“J  m.  high  and 
creates  a  usable  charge  of  1  50.000 
V  at  5  //a. 

Similar  iu  design  and  ojxratiou 
to  the  nuilti-million  volt  electro¬ 
static  generators  used  for  atomic 
research,  the  new  generator  is  of  a 
size  that  makes  it  ideal  for  indus¬ 
trial  laboratories  and  other  similar 
uses.  Circle  305  on  Reader  Scrsice 
C'ard. 


For  more  information  use  READER  SERVICE  Card 
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Phase  Shift  Compensation  Eliminated 
In  New  HELIPOT*  Precision  Potentiometers 


SPECIAL  D-H  ALLOYS  MAKE 


AIR-CORE  WINDINGS  PRACTICAL! 


Hclipot's  purpose  in  designing  its  new,  air-core  wound  series  7700 
Potentiometers  was  to  make  possible  operation  at  higher  frequencies 
with  0*  phase  shift— thereby  eliminating  compensation  circuitry 

In  nearly  all  multi-turn  potentiometers,  resistance  wire  is  wound 
on  an  insulated  copper-wire  mandrel.  This  type  of  mandrel  is  used 
because  it  has  uniform  diameter,  good  heat  conductivity  and  high 
thermal  capacity.  However,  a  disadvantage  of  such  construction  is  the 
relatively  large  distributed  capacitance  between  the  resistance  wind¬ 
ing  and  the  mandrel.  When  such  a  potentiometer  is  used  as  an  AC 
voltage  divider,  the  output  generally  differs  in  phase  and  magnitude 
from  the  desired  output.  This  interferes  with  the  effective  use  of  high 
accuracy  potentiometers  unless  compensation  is  applied  somewhere 
in  the  circuit. 

Hclipot  engineers  desired  to  eliminate  these  problems  by  eliminat¬ 
ing  the  copper-wire  mandrel.  But  the  elimination  of  the  mandrel  also 


eliminated  the  support  for  the  winding.  Needed,  therefore,  was  a  tSTpe 
of  wire  that  would  make  a  self-supporting  air-core  winding. 

At  Helipot's  request,  Driver-Harris  went  to  work  with  these  speci¬ 
fications:  The  wire  must  be  of  dependable  uniform  hardness  so  that 
in  stretching  it,  equal  spacing  between  turns  is  obtained,  free  of  creep. 
This  is  essential  to  linearity.  The  wire  also  must  be  of  unvarying  di¬ 
ameter  for  uniform  resistance.  And  its  surface  must  be  extremely 
clean— free  of  oxide  coating  to  minimize  contact  “noise”. 

Driver-Harris  produced  the  wirc-a  special  hard-drawn  form  of 
Karma*  and  Nichrome*  V.  And  Hclipot  produced  its  new  10-tum 
scries  7700  potentiometers  in  a  resistance  range  from  200  to  5000 
ohms.  With  this  radically  new  air-core  w  inding,  linearity  approaches 
the  resolution  of  the  unit  without  resort  to  padding  or  shunting.  And 
phase  shift  in  AC  circuitry  is  reduced  to  less  than  0.1*. 

Since  1899,  Driver-Harris  has  produced  132  special-purpose  alloys 
in  just  this  fashion— in  answer  to  a  particular  problem  and  extraor¬ 
dinary  specifications.  If  your  own  engineering  and  product  develop¬ 
ment  plans  currently  hinge  upon  a  special  alloy— why  not  bring  your 
problem  to  Driver-Harris.  Your  inquiry  is  invited. 


^  Driver-Harris  Company 

\wt//  UADDICrtM  MPW  ICDCFV  .  ...  . 


•T.M.  RCG.  u.f*  PAT.  OPP. 


HARRISON,  NEW  JERSEY  •  branches  CMcjso.  Detroit.  CleveUnd,  louiKlIle 

DiUnbuto'  ANCUS  CAWPetU,  INC.,  Los  Angeles.  Sen  Frencisco  •  In  CenaOe:  The  B.  GREENING  WIRE  COMPANY.  Ltd  ,  Hamilton.  Ontari: 


MAKERS  OF  THE  MOST  COMPLETE  LINE  OF  ALLOYS  FOR  THE  ELECTRICAU  ELECTRONIC.  AND  HEAT-TREATING  INDUSTRIES 
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21.000  me  Hinge  in  sfcconds,  and  a 
single  head  eonstrnetion  preeludes 
misplacing  expensive  tuning  units. 
Triple  shielding  allows  ojxration  in 
fields  exeex’ding  -1  megawatts  witii- 
oiit  spurious  responses. 

I  he  spectrum  analsYcr  has  a 
shock  performance  of  >7  g  10  milli- 
scc  duration  in  transit  case,  vibra¬ 
tion  of  10-55  cps,  10  g,  and  meets 
all  environmental  specifications. 
Circle  506  on  Reader  Service  Card. 


Spectrum  Analyzer 
precision  unit 

Lavoik  l.ABOKAioKiKs.  Inc.,  Mata- 
wan-T'reehold  Road,  Morganville, 
N’.J.,  offers  a  no-klystron  spectrum 
analyzer  of  lalKiratorv  precision, 
with  rock-stable  oscillators  permit¬ 
ting  observation  of  signals  with 
minor  instability  characteristics. 

.\  simplified  band-switch  arrange¬ 
ment  ixrrmits  coverage  of  10  me  to 


Coaxial  Capacitor 
meets  MIL-C-10950B 

X^iTRAMON,  I\c.,  Box  544,  Bridge¬ 
port  1,  Conn.,  offers  coax  capaci¬ 
tors  made  by  its  process  of  combin¬ 
ing  porcelain  cHelcctrics  and  fine 
silver  electrodes  in  a  monolithic 
block.  A  terminal  at  the  center  of 


four  terminals  at  the  |xriphcrv  of 
the  part.  The  geometrv  results  in 
cancellation  of  magnetic  fields  of 
these  radial  currents  and  low  effec¬ 
tive  inductance  of  the  capacitor. 
Rugged  design  can  take  vibration 
up  to  2,000  cps  with  20  g  of  accel¬ 
eration  a|)plied.  Circle  507  on 
Reader  Service  C'ard. 


the  square  capacitor  permits  cur¬ 
rents  to  flow  radially  through  the 
electrodes  and  dielectrics  to  the 


Pulsed  Oscillator 
high  power  unit 

ArENBKRC  Ut.TRASONlC  LABORA¬ 
TORY,  Inc.,  94  Creen  St.,  {amaica 
Plain  50,  Mass.  Model  PG-650 
oscillator  is  a  variable  frequency 
pulse  modulated  r-f  source  for  ap¬ 
plications  requiring  high  power 
output  as  well  as  extreme  stabilitv. 
Its  principal  use  has  been  in  meas¬ 


uring  the  various  parameters  ot 
ultrasonic  delav  lines  whose  high 
initial  insertion  loss  as  well  as 
operation  at  low  impedance  levels 
have  presented  manv  difficulties  in 
the  past. 

The  r-f  out|5ut  mav  lx  displaved 
directlv  on  the  plates  of  a  cro,  and 
the  output  of  a  delay  line  (60  db 
into  50  ohms)  can  also  be  shown 
at  r-f  using  only  the  vertical  ampli¬ 


fier  of  the  cro  and  no  other.  Circle 
508  on  Reader  Service  Card. 


operation.  Model  256  'Trimpot 
meets  military  humidity  specs.  It 
has  a  0.8  vv  power  dissipation,  and 
employs  a  new  element  termina¬ 
tion  termed  Silverweld,  and  ce¬ 
ramic  card,  providing  maximum 
stabilitv  and  reliability.  Carcle  509 
on  Reader  Service  Card. 


Adjustment  Pot 
is  humidity  proof 

Bourns  Laboratories,  Inc.,  Riv¬ 
erside,  Calif.,  announces  a  new 
leadscrew-actuated  adjustment  po¬ 
tentiometer  which  is  scaled  against 
humidity  and  capable  of  155  C 


power  sourcc-s.  The  transistorized 
meter  provides  0.05  )xrcent  ac¬ 
curacy  at  400  cps  by  calibration  of 
the  discriminator  with  an  internal 
tuning  fork,  .\ccuracy  of  0.1  |xr- 
cent  is  achieved  at  full  scale,  597 
to  405  cps.  C'ircle  510  on  Reader 
Sc-rviee  Card. 


Frequency  Meter 
precision  device 

Varo  .Mk;.  Co..  Inc..  2201  W  al¬ 
nut  St..  Garland,  Texas.  Model 
6506  is  designed  to  fill  the  need  for 
a  precision  frequenev  measuring  de- 
vicc  for  missile  and  aircraft  400  cps 


able  a  new  k  w  deposited  carbon 
resistor  with  standard  coating 
(OCX  A)  that  has  a  resistance 
range  of  25  ohms  to  1  meg. 

Ihis  precision  subminiature  re- 


Tiny  Resistor 
has  wide  range 

Li.ectra  Mfc.  Co.,  4051  Broad- 
wav,  Kan.sas  City,  Mo.,  has  avail¬ 
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CHECK  THE  OVERALL  SIZE... 


SnKCKPOLE 

miniature  "F”-serles 

VARIABLE  RESISTORS 


COMES  TO 
MINIATURE  ^ 
CONTROLS... 


FEEL  and  HEAR  THE  SWITCH  ACTION... 


for  the  tease-proof,  positive  “feel”  and  audible 
“click”  only  a  true  snap-action  switch  provides.  “B”- 
Series  switches  used  on  “F”  Controls  have  the  same 
time-proven  mechanism  as  larger  Stackpole  control 
switches.  They’re  U.L.  Inspected  for  1  amp.  @  125v 
ac-dc;  4  amps  @  25v  dc. 


Printed  wiring,  wire-wrap,  or  standard  lug  termi¬ 
nals  as  well  as  fold-tab  or  threaded  bushing  mount¬ 
ings  are  available  on  all  Stackpole  miniature  “F” 
controls.  Both  SPST  and  DPST  switches  can  be 
supplied. 


WHEN  IT 


including  switch,  if  needed.  For  practical  space-saving  ability, 
Stackpole  miniature  “F”  Controls  lead  the  way  —  only  0.637" 
in  diameter  behind  the  panel  for  the  entire  length  of  both 
control  and  switch. 


Photos  show  side  and  rear  views  of  a  Slack> 
pole  F  Control  with  2-pole  switch.  Dotted 
lines  indicote  behind-poncl  space  occupied 
by  o  conventional  ''miniature”  control. 

Notice  how  Stackpole's  smoll  switch  size 
perfectly  complements  the  miniature  control 
.  .  .  saves  precious  chassis  space  where  it's 
needed  the  most. 


CHECK  THE  COMPLETENESS  OF  BOTH 
CONTROL  and  SWITCH  LINES 


Efecfronic  Components  Division 

STACKPOLE  CARBON  COMPANY,  St.  Marys,  Pa. 

In  Canada:  Canadian  Stackpole  ltd.,  550  Evans  Ave.,  Etobicoke,  Toronto  14,  Ont. 


Pixto  &  VARIAaiE  COMPOSITION  RESISTOIS  •  SLIDE  t  SNAP  SWITCHES  •  IRON  CORES  •  CERAMIC  MACNETS 
FIXED  COMPOSITION  CAPACITORS  •  CERAMACJL  FERROMAGNETIC  CORES 
HUNDREDS  OF  CARRON,  GRAPHITE,  AND  METAL  POWDER  PRODUCTS. 
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Helipot  declares  a  3-in>l  potentiom* 
eter  dividend  for  you : 

Quality . blue  chip ! 

Price . best  buya! 

Delivery . same  day ! 


m 


Every  Helipot  representative  carries 
these  market'leaders  on  his  shelf  for 
over-the-counter  sales: 

Series  A....  10  turns.  1-13/16"  diam¬ 
eter.  Total  resistance:  15  standard 
values  from  25  to  300,000  ohms.  Lin¬ 
earity  ±:0.5%  or  ±:0.1%. 

Series  C...3  turns.  1-13/16"  diam¬ 
eter.  Total  resistance:  10  standard 
values  from  10  to  50,000  ohms.  Liah 
earity  ±0.5?^. 


*#aaieg  RB  Duodial^  turns-countiztg 
,  accuracy  0.01  turn.  A  perfect 
^Mtch  for  Series  A  potcntiometmu 


Host  reps  also  stock  Series  AJ,  lf« 
turn,  7/8"  diameter  miniatures... 
MSLiPOT^  single-turns . . .  Duodial 
Sides  900,  R  and  SR. 

All  can  provide  modified  wttiroT 
I^^ssion  pctentiomelers  in  10  days 
or  lesBrat  no  extra  costl 

As  you  see,  your  Helipo»pepre- 
aentative  is  a  man  to  see. .  .you'll  find 
l^m  listed  in  the  adjoining  column. 


i  i 


Helipot 


CorponUlon 
'  IMaVSK  OaBfvmUi 

a  d49fttam  of 
SfctaMA  Inghmmfnio,  Inc. 
y  tMilfciiilM  rwprttuiHIptt 
in  17  Htit* 


CIRCLE  94  READERS  SERVICE  CARD 


May  9,  7958  —  ELECTRONICS  engineering  edition 


Your  Helipot  Rep 
is  the  Man  to  See 

delivery  of  itock 
m^eli...for  modlfled  poU  In  10 
dayi  or  len  at  no  extra  coat . . .  for 
•ny  potentiometer  requirement . . , 
get  In  touch  with 

An|tua*Sloane  Aa«ociales 

npi  '  Mooreatown.  N.  J. 

BElmont  5-1900 
Teletype  mooxistowm  mj  1050 
Bivin*  A  raldHell.  Inc. 

N  C. 

HI«h  Point  2-5873 
Teletype  hick  coint  nc  454 
3133  Maple  Dr..  N  E..  AtUnta  5  Oa 
CEdar  3-7522.  Teletype  at  987 


I  ChAja 

_  1  ...arina  Sales  Co.  1  Chein 

nitron  Engineer*"*  1 

246  Walnut  Street  1  j-ool 

flewtonville  60.  Mass-  \ 

DEcatur  2-6975  1  Eint 

El  ATwaler  »-927«  1 

•i^V^rB-ro^'wa-  [rT, 

237  Uu; 

Mission  7-4350.  lew  i 

‘1  7916  Pasco  Aven^  1  mi 

*1  Kansas  City  30.  Mo.  I  mi 

.  mund  4-9494,  Teletype  »c  448 

Arthur  H.  Lynch  A  A^;;^‘*‘**  N, 

Fort  45^  \  ^ 

1  ^'S’&“.G.in«v.ll..TU  U 

'■il  rRanklin  2-8028  1 

Bov  J-  Magnuson  1  ( 

r.  W7  West  Irving  Park  \ 

Chicago  18.  CO  ,13  1 

• '  KEyitone  9-7 1 
1359  West  Maynar  ^  j  1 

,1  St.  Paul.  Minn  .  Midway  V  i 

’  «  Marshall  Company  1 

«5  Huntington  Drive  1 

m  Marino.  Calllomia 

;r.n  1-8781.  SVc^o«i-«*>« 

eletype 

015  r-lCamino  Heal 
ledwood  cny.  calif 

IMerson  ^8214  .j^^n  Brtl 

(915  East  Broadway.  is*«=»" 

cypress  8  8234.  8  8235 

Norvell  A'*^'**'*  Dallas  19.  Texas 

E.  A.  Os'"**"" ‘^"'^ihester  10.  N  Y 

*30  Clnden  ^e-.  ^ 

UUdlow  MW.  Tete  y^  ^  ^ 

1204  South  Ave..  oy 
CRanite  6-7073  ,  u  y 

V47  Pront  Street.  Vestal,  n 

ENdlcott  5-0296 


Sj's  Hhcridan  Associates  '•“** 

■I  J  Roselawn  Center  Bldg  S“" 

fij  "  S«  ol-  >  -zw  »‘i 

mi  ij:ir 

Cf  as  Mtn 

^  ».  SlerlinjT  Company 

'*  '^lehols  Road  iJ*'! 

^  Detroit  35.  Mich,  BRoadway  3-2900 

Samuel  N.  Slroiim  Co.  S"** 

EAst  3-6117.  Teletype  «  403  Hui 

.  B.  B.  Taylor 

'  -  Baldwin  N  Y  'Mr 

,  BAIdwIn  3-8000  *  Inn 

I  Teletype  raacpoar  1676  !"’*■ 

InceH 

Allen  I.  Williams  Company  !"•*■ 

126  West  t2lh  Ave  .  DenJer  4  Colo  ^'1 
lAin  3  0343.  Teletype  on  I34-x  lowfl 

Canada:  R-O-R  Associates  I IH 

1470  Don  Mills  Road 

Don  Mills,  OnUrlo.  Canada  Jenfl 

Toronto  Hickory  4-4429  JervI 

Cote  St.  Luc  Road  Jets ■ 

Montreal.  Quebec.  DExter  0845 
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sistor  lias  a  diameter  of  only  A  in., 
a  length  of  only  A  in.  Ilie  resistor 
is  made  to  meet  or  exceed  Mll.-R- 
10s09B.  Circle  Til  on  Reader 
Sers  iee  Card. 


-\ 


excess  of  2,500,  dissipation  factor 
less  than  0.000 T,  insulation  resist¬ 
ance  greater  than  50,000  ohm 
farads,  c“apacitance  drift  less  than 
0.05  percent.  Circle  TIT  on  Reader 
Sers  ice  Card. 


Connecting  Lead 
spring  action  tip 

.\SS0(;I.SII.D  KNCINflRINfl  CoRP., 
65  Kent  St.,  BrtKikline  46.  Mass., 
has  annonneed  the  new  bi-axial 
.\dd.iplug  connecting  lead  for  gen¬ 
eral  purpose  hookup  and  inter¬ 
connection  of  expiipment.  instru¬ 
mentation  work,  breadboards,  sers  o 
set  ups  and  the  like,  .\ddaplng  re¬ 
duces  equipment  setup  time  and 
insures  s;ife.  positive  connections. 
Kxclnsisc  spring  action  tip  is  self- 
wipmg  and  alwavs  insures  a  good 
connection,  with  uniform,  low  con¬ 
tact  resistance  (less  than  0.001 
ohm),  .\ddaphig  will  withstand  a 
tensile  force  of  at  least  20  Ih  and 
will  resist  failure  due  to  flexing  at 
lunction  of  phig  and  wire.  Circle 
T12  on  Reader  Service  Card. 


iW/i'/T.""? 

•/  fe- 


Tiny  Capacitors 
radial  series 

,  \'riR.\MON,  Inc.,  Box  544,  Bridgc- 
I  port  1,  Conn.  Radial  series  aipaci- 
tors  illustrated  offer  a  TOO  v  rating 
I  np  to  100  fifit.  Ihcy  feature  thin 
design-A  in.  to  •'i  in.-and  can  be 
mounted  axially,  radially,  or  on 
edge.  Due  to  the  company’s  manu¬ 
facturing  process  no  case  or  her¬ 
metic  seal  is  needed.  1  hey  feature 
complete  humiditv  immunity,  Q  in 

9,  1958 
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D-C  Power  Supply 

all-transistorized 

Sii.vKon  Kncinklrinc  Co..  P.O. 
Box  282,  El  Monte.  Calif.  Pow¬ 
ered  from  115  V  a-c,  the  model  550 
variable  d-c  power  supply  utilizes 
transistor  circuitry  throughout  to 
achieve  a  high  degree  of  regulation. 
It  incorporates  oi^erload  protection 
that  can  be  preset  with  a  cali¬ 
brated  panel  control  for  protection 
of  the  load,  .\nother  feature  pro¬ 
vides  for  remote  sensing  of  the  volt¬ 
age  at  the  load.  Circle  T14  on 
Reader  Service  Card. 


D-C  Power  Supply 
medium  voltage 

Opsd  Electric  Co.,  69  Murray 
St.,  New  York  7.  N.  Y.  Model 
RS40B  is  a  medium  voltage  ger¬ 
manium  rectifier  power  supply.  It 
has  a  continuously  adjustable  out¬ 
put  of  from  0  to  110  V  d<  with  a 
maximum  load  current  rating  of 
20  amperes.  Ripple  docs  not  cx- 


cecd  1  |XTCcut  of  the  average  cl-c 
output  througliout  the  range  of  the 
ecjuipnient.  Regulation  is  jxr- 
cent  from  1/10  load  to  full  load 
at  110  \  output.  Cirelc  31>  on 
Reader  Service  Card. 


alternate  connector 

TYPE  N  TO  ACCEPT 

UC-21  B/U  attached 

RC-9A/U  CABLE 


CABLE 

RG-9A/U 


■♦6-32  TAP 

Ha  deep 

i  MTG  HOLES 


Stretch  Cables 
2-ampere  capacity 

SiKI.  ICII  W’lRI  CoRI*..  I’.O.  Box 
so;.  New  Rcxhelle.  N.  Y.  Illus¬ 
trated  is  a  single  conductor  of  2 
aui)xre  capaeitv  with  a  resistance 
of  O.IS  ohm  in  a  relaxed  and  ex¬ 
tended  state.  It  has  a  stretch  factor 
of  200  jxrcent.  and  stretches  and 
retracts  easilv. 

Cables  can  lx  constructed  with 
controlled  extension  factors  m  the 
required  number  of  conductors  and 
built  to  meet  the  current  capaeitv 
of  the  required  cords,  rermmatious 
are  in  spade,  clip,  probe  or  round, 
lackets  are  of  nvlon.  rnblxr  or 
neoprene.  Circle  316  on  Reader 
Scnicc  Card. 


OUTLINE  DRAWING  MODEL  57SN  DOUBLE  COUPLER 


/I  WH€M  YOU  9UIL0  MieioMate-h 

S  kf  Directional  Couplers  into  voui  trans- 

^  mitters,  you  add  an  invaluable  fc'ature 

~  V  A  extremely  low  exist  —  ixisitive  con- 

firmation  of  transmitter  ix*rformanee. 
Your  customers  stay  sold  by  the  cxiu- 
r  pier’s  continuous  RF  Povvc'r  indication. 

Its  V’SWR  monitor,  in  addition,  stands  watch  over  your 
customer’s  transmission  tine  and  antenna. 

Now  incorporatc'd  in  most  modern  Govc*rmnent  and 
commercial  transmitters,  .MicroMatch  Directional  Couph*rs 
produce  an  output  essentially  independent  of  frcxiuency. 
Units  are  available  for  use  within  the  range  of  20  to  4(KM) 
megacycles.  Couplers  are  adjustc*d  to  prrKlucc*  full  scale 
metc*r  deflection  at  power  levels  of  1.2  watts  to  120  KW. 
Accuracy  of  power  measurements  is  plus  or  minus  5%  of 
full  scale. 

For  complete  details  on  the  MicroMatch  line  of  monitor¬ 
ing  equipment,  verite  for  our  68-pagc  catalog. 


Level  Recorder 

for  rugged  conditions 

SoPM)  Ai»p.\r.\M'S  Co.,  Stirling, 
N.  J.  The  marine  level  recorder, 
model  Sl.-4\l,  has  been  specially 
designed  for  o]X'ration  in  humid 


M.C  JONES  EUCTRONICS  CO.,  Inc. 

BRISTOL,  COHNEaiCOT, 
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#  Con  alto  be  uted  at  a  fkil  pre-amplifier  with  a  maximum  gain  of 
60  DB.  Becaute  of  the  complete  absence  of  AC  hum,  the  amplifier 
tection  will  be  found  extremely  uteful  for  improving  the  tentitivity 


of  otcillotcopet. 


For  further  information  on  this  and 
other  Ballantine  instruments 
write  for  our  new  catalog. 


BALLANTINI 
LABORATORIES 
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rated 


SENSITIVE 

ElEaRONIC 

VOLTMETER 


and  rugged  conditions  which  often 
exist  III  tropical  climate's,  or  aboard 
ships  or  in  the  field.  It  is  a  eoinpaet, 
raek-inonnted  recorder  (d  in.  re¬ 
cording  width)  for  frerpiencv  re¬ 
sponse.  sound,  noise,  and  sibration 
ineasureinents. 

I  he  unit  features  coinplete  inois- 
tnre-pr(K)f.  anodyzed  metal  enclo¬ 
sure;  Plexiglass  hinged  door  on  front 
jranel,  protecting  the  entire  record¬ 
ing  mechanism;  chart  take-np  de- 
sice;  and  lifetime  ciHiling  fan.  Car- 
cle  317  on  Reader  Sersicc  C'ard. 


#  Footurot  tha  woll-bnown  Battcintine  logarithmic  voltage  and  uniform 
DB  (coles. 


#  Battery  life  over  TOO  hours. 


i’iKK.sMi  Ki.kc  I  Ric;  Inc;.,  Klec- 
tronics  Disision.  9s  Madison  .\\c.. 
Hempstead,  N.  Y.  .\  ness  range  of 
acoustic  delay  lines  proside  dclavs 
lip  to  s  millisec  and  o)x-ratmg  fre- 
cpiencies  up  to  1  me,  ssith  tempera¬ 
ture  eixfficients  of  less  than  s  parts 
pcT  million  per  deg  C.  Ilie  lines 
are  asailable  m  four  p;ickages.  to 
anv  specified  delas  m  the  range  20 
to  s.OOO  psec,  with  a  4  pscc  ad- 
)iistnient  asailable  to  the  user.  I  he 
p<ickages  can  lx  supplied  complete 
ssith  transistor  input  and  output 
amplifiers.  I  lie  shorter  lines  can  lx 
supplied  with  taps  at  sjxcified  jjosi- 
tions.  Circle  318  on  Reader  Serviee 
C'ard. 


VOLTAGE  RANGE: 

too  mkrovolH  to  1000 
volts  rms  of  o  sin*  wav* 
in  7  4*<od*  rang*s. 


INPUT  IMPEDANCE: 

7  mtgolims  shvntsd 
by  10  mmfd  on  high 
ranges  ond  25  mmfd  on 
iow  ranges. 


FREQUENCY  RANGE: 

2  tps  I*  150,000  cps. 


ACCURACY: 

3%  OKcopi  5%  boiow  5  cps 
and  abov*  100,000  cps 
and 

for  any  point  an 
motor  seed*. 


MODEL  302C-Prico  $245. 


Delay  Lines 
millisec  units 


Stability  Tester 
measures  drift,  f-m 


•  Availablo  accassorias  increase  the  voltage  range  from  20  microvolts 
to  10,000  voHs. 


0  Available  precision  shunt  resUtors  permit  the  measurement  of  AC 
currents  from  10  amperes  down  to  one-tenth  of  a  microampere. 


I  .  SBOR.S  rORY  I 'or  Ki  kc  I  r()nu;s, 
Inc.,  73  I’ltts  St.,  Boston  H,  Nhiss. 
Model  3009  microwave  stabilitv 


TUNG-SOL  G-127 

Sensitive  Overvoltage  Relay 


tester  measures  drift  and  f-m  in 
frequency  bands  iK-tween  10  me  and 
10,800  me.  It  will  measure  these 
same  p;irameters  at  30  me  and  30 
kc  to  70  kc.  All  information  is  pre¬ 
sented  on  two  large,  easv-to-read 
meters  which  are  calibrated  to  read 
pc-ak  f-m  deviation  in  cps  and  drift 
in  kc.  It  is  composed  of  two  units; 
a  power  supply  with  a  plug-in  r-f 
head  and  an  indicator.  Circle  319 
on  Reader  Service  Card. 


In  addition,  the  G-127  has  a  calibra* 
tion  change  of  only  .2  volts  over  a 
temperature  range  of  — 40°  to  +80°  C 
.  .  .  resists  damage  from  vibration  in 
a  range  of  10  to  5.5  cycles  and  from 
shock  of  50Cs  .  ,  .  employs  snap  ac¬ 
tion  contacts  for  consistent  opera¬ 
tion.  The  G-127  is  characteristic  of 
the  precision-in-pcrformance  of  the 
entire  line  of  Tung-Sol  thermal  re¬ 
lays.  W  hatever  your  relay  require¬ 
ment,  contact  Tung-Sol  for  complete, 
confidential  engineering  assistance. 


Power  Supply 
12-kv  unit 


Op«r«U«*f  V«ltaa* 


Volt*9«  .jj.. 
CoAtact  Capacity 


rii.M  Cap.sciiors,  Inc.,  3400  I’.irk 
.\\c..  New  ^'ork  36,  N.  Y.  .\  12-kv 
power  supplv,  uukIcI  I’S  12-1,  fea¬ 
turing  an  oil  filled,  hcrmcticallv 
scaled  unit  incorporating  a  fiill-wasc 
voltagc-doubicr  circuit,  and  ruggctl 
183-61  tiilics,  is  now  available. 

Model  I’Sl  2-1’  dclixcrs  up  to  1  2,- 
000  \  d-c  at  1  ma,  and  up  to  1.73 
ma  at  1  1,300  v  for  short  periods  of 
time.  Output  voltage  is  \ariablc 
from  0  to  1 2  k\  at  rated  load  bv 
varving  input  voltage  t,o  the  sepa¬ 
rate  pl.itc  transformer.  Regulation 
from  no  load  to  full  load  is  close  to 
7  ixrcent. 

Output  ripple  is  0.73  jx-rcent 
maxinnnii  at  rated  output.  Circle 
320  on  Reader  Sersice  C7ird. 


For  additional  data  write:  F.lertroswitch  Division,  Tung-Sol  F.lec- 
trie  Inc..  Newark  4,  N.  J.  Sales  Offiees:  Atlanta.  Ga.;  Columbus, 
Ohio;  Culver  City,  (^lif.;  Dallas,  Tex.;  Denver,  G)lo.;  Detroit, 
Mich.;  Irvington.  .\.  J.;  .Melrose  I’ark,  III.;  Newark,  N.  J.;  Phila¬ 
delphia,  Pa.;  Seattle,  Wash. _ Canada:  .Montreal,  P.  Q. 


Power  Supply 
high  current  unit 

Gi.kcironic  Ri;sF..\R(;it  .Nssociatf.s, 
Inc.,  67  lactorv  Place,  Cxxlar 
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Grove,  N.  I.  M(k1c1  I  R^2-2  tran¬ 
sistorized  power  supply  is  intended 
for  all  ty|xs  of  liigli  current  labora¬ 
tory  and  industrial  applications.  It 
features  an  all-seinicondiictor  de¬ 
sign  and  eliaraeteristics  include  fast 
transient  response,  small  size  and 
liglit  weiglit.  adjustable  regulation 
control,  low  npple  content,  and  iu- 
de|Kndenee  from  line  frequenes 
cliangc.  Circle  321  on  Reader  Sen - 
iee  C’ard. 


Precision  Pots 
high  resolution 

G.  M.  Cil.wMM  &  Co.,  Inc.,  91  S 
Fast  Green  St.,  Pas;idena  1,  Calif 
Built  to  N.\S  >>tandards  in  1 1’«  in. 
and  1 1  m.  sizes,  a  new  line  of  pre¬ 
cision  pots  can  lx  supplied  smglv 
or  as  externally  pliascable  ganged 
units. 

Standard  resolution  for  iikhIcI 
Hs"  (l/d  in.)  is  provided  as  high 
as  3900  wires,  with  a  resistance 
range  from  100  to  100,000  ohms. 
MikIcI  I'sO  (IJ  in.)  is  available 
with  resolution  to  sOOO  wires,  and 
with  a  resistance  ranging  from  100 
to  sflO.OOO  ohms.  Standard  Imc'aritv 
range  for  both  units  is  O.s  |X‘rcent 
to  O.I  jxrcent  (a'rcle  322  on 
Reader  Sersiee  C’ard. 


Not  only  G-L  but  our  customers,  too,  claim  consistent 
uniformity  with  every  G-L  Tope  Wound  Core  and 
Bobbin  Core.  This  consistent  uniformity  is  the  result 
of:  on  accuracy  of  control  never  before  achieved 
in  each  and  every  step  of  the  manufacturing 
process;  the  use  of  the  highest  quality  raw  materials 
and  new  and  exclusive  manufacturing  technologies. 

Prove  our  claims  and  the  claims  of  our  customers. 
Write,  wire,  call  or  teletype  us  about  your  re¬ 
quirements  and  for  our  technical  bulletins. 


Vibration  Pickups 
high  sensitivity 

SolM  llwr.SM  RN  Indusiri.m.  Elec- 
IRONU  S  Co.,  2S31  Post  Oak  Road, 
Houston  19.  I  exas.  Development 
of  a  unk|ue  magnetic  circuit  now 
enables  SIF.  to  offer  the  new  'I  D- 
.Series  vibration  pickups  which  com¬ 
bine  the  tem}xrature  stability  of 


2921  ADMIRAL  WILSON  BOULEVARD 
CAMDEN  5,  NEW  JERSEY 
WOodlawn  6-2780  TWX  761  Camden,  N.J. 
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MAGNETIC  AMPLIFIERS  INC. 

632  TINTOM  AVENUE  •  NEW  YORK  55.  N.  Y.  •  aPRESS  2-6610 
West  Coost  Oivisiofl 

136  WASHINGTON  ST.  •  El  SE6UNOO.  (Al.  •  OREGON  8  2665 


Amimiknoi.  Ki.kciromcs  Corp., 
Chicago  50,  III.  MII,-C-5015C  ‘i-:’' 


STATiC  iJVVERTER  SURRLV 


Connectors 
small  and  light 


INPUT  a»v  D.C.  ±  10% 


PEIFOIMANCE  SPECIFICATIONS 


OUTPUT  Nom.  IISV  ±:  2%  400  CPS  ±  0.01* 

1  N  (2-  or  3-pKaM  output  ovoilobl.} 


RATINGS:  30VA  50VA  lOOVA 
Higher  ratings  available. 

APPLICATION: 

For  gyro  wheel  supplies  and  where 
precise  400  cycle  voltages  are  re¬ 
quired  in  aircraft,  radar  and  missile 
computers. 


(Send  for  BulUtin  S-<M) 


niag'.'.ctic  clar.'.pir.g  with  scasitisity 
i  prcvicur.lv  available  only  in  fluid 
clatr.pcd  units.  Using  completely 
nev,'  design  fc'-aturcs,  'I’D  pickups 
produce  sensitivities  of  o\er  500 
inv/in./scc.  W'eighing  onlv  9  oz, 
five  compact  models  are  asailable 
with  natural  frecinencies  ranging 
from  1.8  to  5.6  cps  and  response  to 

2.500  on  undam jK-d  models  and 

1.500  cps  on  clamped  units.  Circle 
323  on  Reader  Scrsicc  Card. 


Rectifiers 

silicon-cartridge 


Imfrnationai.  Rkcmikikr  Corp., 
1521  K.  Grand  .\ve.,  Kl  Segundo, 
Calif.,  has  asailable  a  complete 
series  of  hermeticallv-sealed,  high 
current  siliam  cartridge-t\pe  recti¬ 
fiers  fc-aturing  current  ratings  tlircc 
to  four  times  greater  than  those  of 
standard  h-v  units.  Designed  for 
forced-air  or  liquid  cooling,  these 
miniature  rectifiers  utilize  metal¬ 
lized  ceramic  housings  with  ferrule- 
type-  terminals  for  insertion  into 
i  standard  30  ampere  fuse  clips. 
ITiey  arc  available  in  piv  ratings  of 
from  1,500  to  16,000  v  at  rectified 
d-c  output  currents  ranging  from 
210  to  360  ma.  Circle  324  on 
Reader  .Sersicc  Card. 


FEATURES: 

PMCISION  OUTPUT  FREQUENCY 
RUGGED 

EXCELLENT  WAVEFORM 
SIMPLICITY  OF  CIRCUITRY 
FAST  STARTING  TIME 
GOOD  VOLTAGE  REGULATION 
throughout  an  adjustable  range 
ISOLATED  CASE  DESIGN 
HIGH  RELIABILITY 
VIBRATION  ISOLATED 
COMPACT 
LIGHTWEIGHT 

MILITARY  SPECIFICATIONS  _ 


MOOEl  -  017.  CPS 

SIS  40311 

SIS  40SI1 

SIS  4I00II 

NUMIEIS  OSX  CPS 

SIS  4031S 

SIS  40SIS 

SIS  4ioeis 

INPUT  VOtTACE 

71V  DC  ^  in  1 

MAX  OUTPUT  POWEI 

30VA 

1  SOVA 

1  lOOVA  1 

OUTPUT  V01TA6E 
OUTPUT  FIEOUENCY 

VOlTAtE  lEGUUTION 
FIEOUENCY  DISTOITION 
lOAO  POWEI  FACTOI 
MIIITAIY  SPECS. 

AHIIENT  TEHPEIATUIE 


_ IISY  AC  |A<|»il«NI«  -  107.) _ 

400  CPS  -  .01  % 

_ 400  CPS  -  .0S% _ 

—  1%  Fw  liM  Vwidiam  '*  7%Fw  iMUIVwitliMt 
37,  Muimvn  Al  Fall  ImU 
-LO  S  !•  -  O.S  Muifflvm 
Mll-E  S400A  A  mi  E  s?m 
-  SS°C  !•  •  71  ®C  wlw. 
moanltd  I*  ktfl  sink 


VIIIATION 

700  10  I*  7000  CPS 

UNIT  DIMENSIONS 

IS"  D  7  7/1"  1 

H  7  13/U" 

U"  0  7  7/1" 

H  7  13/14" 

110"  0  4  1/7" 

H  7  13/14" 

WEKHT  (Appfu  I 


C<)nstriictif)ii  MS  connectors,  trade 
named  Stub  K.  arc  now  a\ailal)lc. 
Claimed  to  Ik-  the  smallest  and 
lightest  made,  they  fuliv  conform 
to  the  ensirmnnental-resistance  re¬ 
quirements  of  the  cited  s|Kcifica- 
tion. 

Asailahle  in  shell  tspes  si 00, 
MO  I,  si  02  and  M06.  the  con- 
nect<irs  incorporate  standard  MS 
insert  coiihgiirations.  I  eatnres  in- 
clnde  a  fuliv  mnti/ed  rear  grommet 
and  cable  clamp  which  can  Ik 
cjuicklv  assembled  and  disassembled, 
prefillcd  contact  solder  pockets  for 
instant,  easv  soldering,  and  thc 
weight-sasing,  space-s;iving  shell  de¬ 
sign. 


Only  Sealectro  —  originator,  pioneer 
and  leader  in  Teflon*  terminals  —  has 
a  wide  selection  of  “Press-Fit”  jacks, 
plugs  and  connectors.  And  in  color,  too, 
for  coding  purposes.  The  one-piece  con¬ 
struction  does  away  with  .screws,  nuts, 
washers,  lockwashers,  to  save  labor 
and  space  alike.  Just  “Pre.ss-Fit”  — 
that’s  it! 

So,  for  miniature  and  sub-miniature 
jacks,  plugs  and  connectors,  insist  on 
genuine  Sealectro  “Press-Fit”. 


%  Ideal  jacks  and  mating  plugs  for  patch¬ 
cord  boards.  Jacks  mount  directly  in 
metal,  eliminating  breakable  plastic 
panels.  As  many  as  14,400  “Press-Fit” 
jacks  have  been  mounted  on  single 
metal  plate,  for  computer  assemblies! 


L-F  Crystal  Units 
in  glass  holders 

Km-.vks-1  loi  iM  Av  l)i\ .,  Dvnamics 
Corp.  of  .\mcrica,  Carlisle.  Pa.  Pre¬ 
cision  low-frcqiiciicv  crystal  units 
III  glass  holders,  type  RllC.  HP.  arc 
built  to  provide  more  .iccuratc  fre- 
qiicncv  control  in  the  .iiidio  range 
of  from  I  to  IS  kc.  Ihcs  may  Ik 
used  111  aircraft  navigation  equip¬ 
ment,  telephone  carrier  systems, 
communication  svstems  and  test 
equipment.  Components  are  her¬ 
metically  sealed  m  glass  bulbs 
(T  M  'vith  noval  base),  assuring 
internal  cleanliness  and  reliable 
csacuation.  C'ireic  ^25  on  Reader 
Service  Card. 


$  Handy  breakaway  connectors.  Mated 
male  and  female  members.  Mount  di¬ 
rectly  in  metal.  Widely  used  for  plug-in 
components  and  circuitry. 


§  Outstanding  choice  of  miniature  jacks. 
Stamped  or  machined  beryllium-copper 
contact  members.  Bull-dog  grip! 


•  And  tiny!  These  subminiature  test- 
point  jacks  take  standard  test  probes. 


for  that '' KNOW- HOW 


Be  sure  you  have  the  “Press-Fit” 
catalog  in  your  reference  file.  Then 
get  “TERMINALOGY”  —  jam-full  of 
practical  data  —  right  along  by 
mail.  Write  on  business  stationery. 


*Rtg.  Trademark  of  B.  1.  Dm  Pont 
de  NemoMr$  dt  Co.,  Inc. 


Power  Supply 
transistorized 

WisiRON  Skmicomu'ciors,  Inc., 
2^12  So.  Robertson  Rlvd.,  Los  .\n- 
gcics  s-4,  Ciilif.,  luis  available  a 
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500  S«ri*s  ACEPOT  octuol  sii« 


triinsistori/ccl  power  supplv  for  two- 
way  coinimniication  gear.  It  conics 
in  two  inociels,  one  for  >0  w  r-f 
ixiwer,  and  another  for  60  w  r-f 
power.  I  his  unit  replaces  the  vi¬ 
brator  in  the  present  existing  equip¬ 
ment  and  can  lie  installed  in 
niinntes.  I  he  jiower  snppiv  makes 
possible  transmission  and  reception 
at  4  of  the  present  initial  cost  of 
transistori/.ed  jxiwer  supplies  now 
asailable  on  the  market,  according 
to  the  companv.  Carele  326  on 
Reader  Sersiee  C^ard. 


ACEPOT 


SUB-MINIATURE,  PRECISION,  WIRE-WOUND 


LINEAR 


POTENTIOMETERS 


Small  pot  size  —  Big  pot  performance 


Only  Vi"  in  diameter,  the  ACEPOT  excels  in  a  combination  of  all 
around  top  performance  characteristics  comparable  to  larger  units. 
For  example,  these  precision  units  feature  it  2%  resistance  tolerance 
and  ±.  0.3%  independent  linearity.  Every  potentiometer  is  complete¬ 
ly  sealed  against  sand,  dust  and  foreign  matter  to  avoid  abrasive  ac¬ 
tion  between  moving  parts.  All  materials  and  metals  are  treated  for 
maximum  resistance  to  salt  spray,  corrosion,  humidity  and  conform 
to  shock  and  vibration  tests.  ACEPOTS  are  designed  and  assembled 
MIL-A-8625A,  OO-M-1512,  JAN-T-152,  MIL-E-5272A,  MIL-R- 
19A,  NAS-710  and  MIL-R-19518  (ships). 


Quartz  Crystals 
l-f  devices 


Momior  Products  Co.,  81s  Trc- 
mont  .\\e.,  South  Pasadena.  Calif., 
announces  new  low  freqnencv 
quart/,  crvstals  to  meet  high  vibra¬ 
tion  requirements.  I  he  \IC-I3/U 
crystals  are  fully  tested  from  2  to 
2.000  cps  vibration.  Ivpical  tol¬ 
erance  is  iL  .012  |xrcxnt  from 
—  40  C  to  -I-  70  C.  Circle  327  on 
Reader  Service  Card. 


ACEPOT  LINEARITY  TEST 

Plot  of  voltag*  ratio  orror  vorsui  ro¬ 
tation  illuitratoB  linoarity  to  bottor 
than  ±  0.3%. 


ACEPOT  RESOLUTION  TEST 

Soction  of  oicillogropk  traco  of  oloc- 
Irical  rotolution  showt  voltago 
chango  for  oach  turn  of  wiro.  , 


ACE  offers  a  wide  variety  of  linear  and  nonlinear  precision,  wire- 
wound  potentiometers  in  standard,  special  and  AIA  sizes.  Custom 
designs  to  meet  special  requirements  can  be  made  available  on  short 
lead  time.  Call,  write  or  teletype  Dept.  F,  ACE  ELECTRONICS 
ASSOCIATES,  INC.,  99  Dover  Street,  Somerville,  Mass.,  Somerset 
6-5130,  TWX  SMVL-181. 


Crystal  Oven 
controls  temperature 

Mi.ii.ky  Ki.kciric  Co.,  Union  Sta¬ 
tion  Building,  Erie,  Pa.,  has  avail¬ 
able  a  new  crvstal  oven  which 
maintains  tem|Kratnre  within 
—  0.1  C.  riie  temperature  control 


ACEPOTS 


ELECTRONICS  ASSOCIATES,  INC, 


ACETRIMS 

ACESET® 


ACEOHM® 
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est  to  makers  and  users  of  electronic  and  allied 
equipment. 

The  reverse  side  of  this  card  provides  a  service  to 
subscribers  by  facilitating  the  flow  of  additional  in¬ 
formation  between  manufacturers  and  our  readers. 

Take  advantage  of  Reader  Service — and  the  readership 
of  electronics. . .keep  the  industry  informed  about  your 
New  Products  and  New  Literature  via  their  mention  in 
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SPURS  •  HELICALS  •  WORM  AND  WORM  GEARS  •  STRAIGHT  BEVELS 
LEAD  SCREWS  •  RATCHETS  •  CLUSTER  GEARS  •  RACKS  •  INTERNALS  •  ODD  SHAPES 


HE  J'  .  IN  BEARI 


I  li  \\  1 1  1 1 -I’ack \Kn  Co..  2“>  Page 
Mill  Road.  Palo  .\lto.  Calif.  Tlic 
1Z0.\  (cabinet  mount)  and  120  .\R 
(rack  mount)  arc  d-c  to  200  kc 
oscilloscopes  with  automatic  trig¬ 
gering  and  simplified  con-trols. 

I  lies  base  a  sweep  speed  range  of 
1  Msee  cm  to  O.s  sec  cm.  liulnded 
is  a  times- s  sweep  expansion  on  all 
r.mges.  witli  vernier  for  contmnons 
control.  I'ifteen  c-alibr.ited  sweeps 
are  provided,  in  1  2  n  setjiience. 
Iiist.mt.meons.  automatic  svneliro- 
ni/ing  is  provided  on  anv  intern.il 
or  external  voltage;  scojxs  mav  also 
Ik  triggered  bv  line  voltage.  Cali 
brated  identical  bandwidtli  vertical 
and  liori/oiital  amplifiers  provide 
eonvemeiit  phase  measnremeiit 
(arcle  ^29  on  Reader  Serxiee  C'ard. 
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Trimmer  Pots 
minimallzed 

C.'vKii  R  Mrc.  CoRi>..  2s  W  ashing¬ 
ton  St..  Hudson.  Mass.,  has  avail 
able  two  new  minimali/.ed  trimmer 


Coledonio  combine!  four  functiom  in 
miniaturized,  shock-resistant  package. 


Electronics  today  is  partly  packaging 


PROBLEM:  Design  a  small  (SO  cubic  in.) 
and  light  (3^  lbs.)  unit  that  contains: 

1.  a  positive  d.c.  pulse  selector 

2.  a  negative  d.c.  pulse  selector 

3.  a  high  level  60  cps  band  pass  filter 

4.  a  400  cps  detector  circuit 

(all  with  tight  tolerances,  naturally). 

Design  it  to  operate  within  the  usual 
military  environmental  conditions,  in¬ 
cluding  high  vibration  and  shock. 
SOLUTION:  We  assembled  the 
components  shishkabob  L, 
style.  Then  mounted  the 


kabob  in  a  metal  case  filled  with  an  epoxy 
foam  compound  to  hold  the  parts  in  a 
firm  cushion. 

TIME  ELAPSED:  From  original  assign¬ 
ment,  through  design  to  volume  produc¬ 
tion-two  months. 

If  such  quick,  dependable  assistance  in 
design  and  production  can  make  your 
work  more  effective,  we'll  be  glad  to 
hear  from  you.  We  offer  experience, 
good  production  facilities,  and  a  recog¬ 
nized  quality  record. 


O^I_.EIDONI 

I  ELECTRONICS  AND  TRANSFORMER  CORPORATION  I 


DepL  E-S,  Caladonia,  N.Y.  •  In  Canada:  Hackbusch  Electronics,  Ltd.,  23  Primrose  Ave.,  Toronto  4,  Ont. 
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ovfii  when  nsctl  with  a  Hhlcv  tv|K 
lKi~  crystal  at  1,000  kc  provides  a 
frei|neney  stabilitv  of  4  parts  in  100 
iiiilh'on  iKT  dav  under  ambient  con¬ 
ditions  at  2s  C  IS  C.  Ilie  oven 
heater  rating  is  IIS  v  a-c,  10  w. 
Rnlletni  SOS  is  available.  Carcle 
S28  on  Reader  Service  Card. 


Oscilloscopes 
d-c  to  200  kc 
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ACTUAL 

SIZI 


Your  local  Ccntralab 
distributor  carries  a 
wide  variety  of  these 
units  in  stock.  Ask  him 
for  Model  JP  and  JL 
controls — as  listed  in 
CataloK  30. 


^  The  Model  3  utilizes  Centralab’s  ICE*  flnterfused 
Composition  Element)  to  provide  exceptional  heat 
dissipation  and  electrical  stability  under  the  most 
severe  operating  conditions.  It  is  recommended  for 
O/.  high  temperature  operation  in  both  military  and 
commercial  equipment. 

•  Will  meet  MIL-R-94B  resistance  change  require¬ 
ments  under  twice  its  rated  load. 

V 

/X  •  Meets  or  exceeds  MIL-R-94B  requirements  for 

moisture  resistance,  insulation  resistance,  ther- , 
mal  cycling,  etc.  j 

•  Completely  enclosed  case  can  be  sealed  or  potted.  I 

j  •  Resistance  range:  200  ohms  to  2.5  megohms,  j 

,  linear  taper  and  5000  ohms  to  2.5  megohms 

i  10%  log  audio  taper. 

^  Write  for  Technical  Bulletin  EP-63  containing  de- 
1  tailed  specifications  or  contact  your  Centralab  repre¬ 
sentative. 


Cen^ab/ 


A  DIVISION  or  CIOBE-UNION,  INC. 
914f  (.  KE(FE  AYE.  •  MILWAUKEE  1,  WIS.  | 
In  (in«Un:  114  Mt.  PiMsani  M.  •  Ttranlt,  Ontario  i 


VARIABLE  RESISTORS 
CERAAAIC  CAPACITORS 


PACKAGED  ELECTRONIC  CIRCUITS  •  ELECTRONIC  SWITCHES 
ENGINEERED  CERAMICS  •  SEMI-CONDUCTOR  PRODUCTS 


Decade  Amplifier 
transistorized 

Z.\CII.\RIAS  Ki.KC  IRON  ICS  CoRP.. 

P.O.  Box  172,  I.ivingstou,  N.  ). 
Model  -10-.\  transistor  decade  am¬ 
plifier  lends  itself  to  a  wide  variety 
of  fixed  or  portable  applications, 
riie  amplifier  noise  figure  is  made 
independent  of  the  magnitude  of 
the  drising  impedance  tlirongli  the 
nse  of  a  vacnnin  IuIk-  at  the  input 
stage,  riie  input  imjHtlance,  in 
excess  of  10  megolinis.  niiniim/es 
loading  of  circuits  under  test.  Hie 
eonstant  bOO  ohm  output  niijKtl- 
ance  is  useful  for  driving  iiianv  pas¬ 
sive  networks.  A  gam  of  10  or 
100  is  available  over  the  2  to  1,000.- 
000  cps  range  thronglioiit  the  SOO 
hr  life  oP  the  batteries,  with  an  ac- 
cnracs'  of  ±  0.2  db  from  10  cps 
to  300,000  cps  and  1  db  from 
3  to  500,000  cps.  Maximum  out- 
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fox*  liigli  reliarbility  a.pplica.tioii.s 

Cen^ab  « MODEL  3  Radiolizii.  «>  ^ 

Va  watt  sii.1>-xtiiiiiatixx*e 
variable  resistor 


with 


j  /  f  * 


potentiometers  in  1 5  standard  re¬ 
sistance  values  from  47  ohms  to 
10,000  ohms.  .Ml  values  are  iiianii- 
factiired  with  20  ppm  resistance 
wire  and  can  dissipate  i  w  to  100  C 
(derated  to  zero  at  150  C)  for  a 
period  of  1,000  hr. 

'I'vpe  lOll  may  be  momited  by 
its  leads  alone,  in  a  fuse  clip  or  a 
0.290  in.  hole.  I  vjx;  lOlG  is  su|)- 
plied  with  a  nut  for  momiting  in  a 
5/16  in.  liole  and  a  nut  for  locking 
tlic  shaft  against  rotation.  Carcle 
330  on  Reader  Service  Card. 


RECTANGIHAR  t  SQUARE 

7-  and  4-Gwn  Twb«s 

.  .  .  •xdusiv*  with  ETC,  give  roster  areas 
equal  to  7"  round  tubes.  R 


Pfof-m  CAll-MARKER^ 

Calibrator  A  Tima -Mark 
Generator 

The  first  compact,  plug>in  unit 
of  its  kind.  Combines  a  stable, 
square-wave  calibrator  and  a 
crystal -controlled  time-mork  gen¬ 
erator.  Interchangeable  with  a 
second  plug-in  sweep  generator. 


put  is  3  V  mis  or  I  inv.  Circle  331 
on  Reader  Service  Card. 


CIRCLE  106  READERS  SERVICE  CARD 


FIbt-ki  PRE-AMPLIFIERS 

Choice  of  5  types  for  eoch  chan¬ 
nel.  Motches  sensitivity  and  re¬ 
sponse  requirements  from  SO  mv/ 
cm  to  so  /iv/cm,  dc  to  SO  kc  to 
S  me.  Any  combination  of  pre¬ 
amplifiers  may  be  used  simuhane- 
eusly  on  all  channels. 


•  i 


SWEEP  GENERATORS 

One  or  two  identical  plug-in 
sweeps  may  be  used  on  each 
instrument  for  common  or  sepa¬ 
rate  calibrated  time  bases  as 
needed.  Second  sweep  inter¬ 
changeable  with  CaU-Marlnr. 


PIONEERS  IN  MULTI-GUN  C  R  TUBES  AND  MULTI-CHANNEL  OSCILLOGRAPHY. 
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Crest  Voltmeter 
switch  controlled 


Sknsiiivk.  Ri.skarcii  InSIRI'MKNI 
CoRP.,  310  Main  St..  New  Ro¬ 
chelle,  N.  has  available  a  new 
crest  soltineter  for  measuring  posi- 
ti\e  and  negatne  peaks  and  rins. 

.Ml  three  functions  are  measured 
by  means  of  switching.  Choice  of 
pulse  response  from  10  to  99  or  100 
and  above  is  also  bv  switch.  1 

Range  of  the  basic  instrument  is  1 
0.1  kv.  Kxternal  multipliers  are 
available  up  to  100  k\.  .Xceuraev 
is  1  percent  of  full  scale  for  rms  and  i 
for  peaks  of  100  per  sec  and  faster 
on  F.ssi  position  or,  10  to  99  per 
sec  on  si.ow  position.  Input  im-  | 
jxdance  is  as  follows;  rms- 10.000  j 
megohms  ami  23  ^i/jf;  positisc  and  . 
negative  peaks— 10,000  megohms  ' 
and  1  3  Circle  332  on  Reader  i 
Service  Card. 


Announcing 


lllINKM.SNN  F.I.rXTRIC  Co.,  -|33 
Plum  St..  Trenton  2.  N.  J.  Model 
SM3  is  a  hermeticallv  sealed  sub- 
innnaturi/ed  cireuit  breaker.  .A 
series-overload  breaker,  it  is  de¬ 
signed  for  o|XTation  at  110  v  at 


THE  WORLD’S  MOST 
VERSATILE  OSCILLOSCOPES! 

with  Plug-ins  for  All  Needed  Ranges  .  . . 

All  Needed  Features  . . .  No  Obsolescence. 


1200  E.  MERMAID  LANE  •  PHILADELPHIA  1 8,  PA. 


Circuit  Breaker 
subminiaturized 


2-  and  4- 
Channel  Types 

Modvh  fr-270 
omf  K-470 . . . 

Display  multiple,  high-speud  sig¬ 
nals  without  switching.  From  DC 
to  5  mtgacycio  bandwidths. 


Here  is  true  multi-channel  oscillography 
with  features,  performance,  and  prices  “tail¬ 
ored”  to  your  exact  needs.  Versatile  plug-in 
pre-amplifiers,  sweeps,  and  marker-calibra¬ 
tor  circuits  need  be  purchased  only  as  you 
need  them  .  .  .  when  you  need  them.  No 
worries  of  having  “too  much”  scope  now 
. ,  .  not  enough  scope  flexibility  a  few  years 
later. 

From  simple  one-channel  monitoring  jobs 
to  difficult  medical,  biophysical  and  low- 
level  strain  gauge  recording  involving  two, 
three  or  four  channels,  you'll  find  no  jobs 
too  small  or  few  too  large  for  these  versa¬ 
tile  ETC  instruments. 

Write  for  detailed  spccificafions  and  prices. 


o'  - 


Addrati 


advancement 
in  initrument 
design 


:S  Mffjs  TNI  fr£  , 

meters 

CIRCLE  107  READERS  SERVICE  CARD 


I’m  Building  a  College  Fund 
for  My  Kids  with  the 

EXTRA  MONEY 


I’m  earning  in 
MobilO'Radio 
Mointenonce  I 


emguiMr'e  eolovy  9i*0itgh 
mof>*Y  li>  kids 

throu^  eoll»9«.  So  1 

loorrsod  of  thie  boom^in  mobilo  rodto  I  d«cld«d 
fo  skwt  my  own  poii-Hmo  bustnoss.  Now  my 
Irmam  from  mofcHle-rcMfio  mointononco  9oe\ 
mSo  a  *'oi>lf*9«  bonk  o«ount 

Tbts  con  be  yoor  story,  toe.  Send  coupon 
for  your  free  copy  of  'HOW  TO  MAKE  MONEY 
IN  MOfllLE  RADtO  MAINTENANCE."  FublUHed 
by  lom^d^tn  Loborotories,  Inc.,  monufocturers 
of  the  105*S  Micrometer  frequency  AAeter  and 
205>A  fM  Modulation  Meter. 


At  no  obligotion  to  me  please  send  "HOW 
TO  MAKE  MONEY  IN  MOBILE  RADIO  MAIN* 
TENANCE/* 


CIRCLE  10$  READERS  SERVICE  CARD 


CABLE 

CLIPS 

★ 

eUl  'HtfloH 

for  (oytr*  cendilieni 

★ 

^eltui^dc 

for  moximum 
economy 


fn  fn 


mMdeeC 
^lacA  'HyldH 

SCREWS 

and  NUTS 

★ 

Acid  rotitlonl 

★ 

N«*d  no  intulotion 

★ 

Con't  rust 
★ 

Con’t  corrode 


WECKESSER  COMPANY 


5701  Northwott  Highway 


Chicago  30,  III. 


Molding  Compounds 
for  cable  breakouts 

Co.\sr  Pro-Si.ai.  .\nd  Mic.  Co., 
22^5  Ik-vcrlv  Hl\d.,  Los  .\iigclcs,  i 
Ciilif.  I’wo  iion-’I  liiokol  )Krni;i- 
ncntlv  flexible  cable  molding  coin 
pounds  with  \irtnallv  no  cold  flow 
at  room  teinjxratnrc  base  been  de¬ 
veloped.  Design.ited  as  I’ro-Seal 
7S7  and  7SS,  the  coniponnds  arc 
designed  for  use  on  break¬ 

outs  and  “innltiple  finger”  break¬ 
outs. 

I  be  properties  of  tlie  two  com-  ! 
pounds  base  been  prep;ired  to  with-  | 
stand  prolonged  exposure  to  ^00 
!•  and  shorter  jxriods  of  ^25  I’, 
nicy  base  excellent  resistance  to 
fuels,  oils,  water  and  other  iKpiids 
encountered  in  missiles  and  air¬ 
craft.  Circle  334  on  Reader  Serv¬ 
ice  Card. 


Synthetic  Sapphire 
in  large  shapes 

Linde  Co.,  30  E.  42nd  St.,  New 
York  17,  N.  Y.,  lias  available  single 
crystal  sapphire  in  large  shapes, 


CIRCLE  109  READERS  SERVICE  CARD 

quality ... 
uniformity  • . . 
service . . . 


insol 

CERAMICS  CO. 


iu  iimi  ST. 

MILIVIUE  ,NfW  JERSEY 


THORNTON  heath 
SURREY,  ENOLANO 
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v'l'i!'' 

:■ 


the 

Marconi 

y-H.F. 

alignment 

°SClLLOSCOP 
Type  iiqa/, 


such  as  for  windows,  also  in  the 
form  «)f  rods,  domes,  halls,  slugs  and 
many  s]K.*cial  shapes.  Ilie  material 
fs  transparent,  has  g(K)d  dielectric 
characteristics,  a  high  melting  point, 
strength  at  elevated  temperatures, 
extreme  hardness  and  excellent  in¬ 
frared  and  ultraviolet  transmission 
characteristics.  Uses  include  output 
windows  for  high  power  klystrons, 
magnetrons,  traseling  wave  and 
TR  tulK's.  Circle  ^^5  on  Reader 
Sersice  C’ard. 


Dynamic  Analysis  of 
Frequency  Response 


A  combined  sweep  generator  and  c.r.o.  suitable 
for  if.,  and  v.f.  response  analysis 


Load  Control  Relay 
watt-sensitive 

.Maciiinkky  Ki  KciRinc.si  ion, Inc., 
s()  Hudson  St..  Northlxu'o,  Mass. 
I  he  MKK-21S-4  load  control  relay 
was  designed  for  use  with  three- 
phase  mduction  motors.  Since  any 
change  m  motor  loading  ret|uires 
a  change  in  input  power  (watts) 
the  MI''K-21>4  series  controls 
offer  adsantages  oxer  dcxices  which 
respond  onl\  to  changes  iii  current 
(amiKres).  Circle  on  Reader 
Sersice  Card. 


•  Sweep  width  variable  up  to  10  Me  s  •  Crystal  controlled 
fixed  frequency-marker  pips  •  C  alibrated  continuously  variable 
frequency  marker  •  High  output  •  Sensitive  Y  amplifier 

•  C  alibrated  output  attenuator 


APPLICATIONS: 

Alignn>eni  and  mponse 
measurement  on  televi¬ 
sion  and  r.m.  v.h.f  re- 
veivers.  V  s.fp  r  of  feeder 
lines;  matching  fectlers  to 
antennas;  direct  tests  on 
i.f.  and  r.f  transformers; 
use  as  a  general  purpose 
oscilloscope 


ABRIDGED  SPECIFICATION 

frequenty  ftunge :  R.F,  50-75  Me.  75-115  Me.  150- 
216  Me;  I  F.  10-45  Me:  V.F.  5  kc-IO  Me. 

Output  Range  :  100  uV-lOO  mV. 

Sweep  M'k/M  variable  from  500  ke  to  10  Me. 

C  ulibraiton  :  continuously  variable  marker  oscillator 
provides  pip  corresponding  to  known  frequency, 
.^frequency  crystal  oscillator  generates  pips  at 
intervals  of  5.0.  1 .0  and  0.5  Me. 

Time  Base  :  12  to  50  cps  for  siveep,  12  cps  to  10  ke 
for  general  purpose. 

TIRES  5Z40,  I2AT7.  I2AU7,  I2AX7. 6C4. 6AK5, 
6AK6 

Send  ior  leaflet  Blii.  . 


Tel :  LOwetl  7-0607 


Bobbin  Cores 
use  ultrathin  tape 

Dyn.vcok,  Inc.,  1()4M  Mctropoli- 
t.m  ,\ve.,  Kciismgtoii.  Md.  Bobbin 
cores  using  iiltnithm  tape  offer 


CANADA  CANADIAN  MARCONI  CO  •  6035  COTE  DE  LIESSE  •  MONTREAL  9 
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greater  iiniforinitv  and  reliability, 
riiey  should  interest  designers 
using  magnetic  core  logic  for  com¬ 
puter,  counter  and  control  circuits. 
'Hie  bobbin  cores  find  ideal  appli¬ 
cation  in  critical  magnetic  shift 
register,  switching  transformer  and 
other  logic  circuits  which  reejuire 
rtie  utmost  uniforniitv  in  switching 
time  and  signal-to-iioise  ratio. 
Circle  337  on  Reader  Sersicc  Card. 


GREATER... 

•  OUTPUT^ 

•  STABILITY 
•ACCURACY 


Multi-column 


Smaller  size 


Hermetically 

sealed 


Cox  and  Stevens 


Capacitors 

microminiature 


For  greater  accuracy  and  stability  in  all  types  of  weight  and  force 
measurement,  specify  new  Cox  and  Stevens  hermetically  sealed  load  cells. 
Sixteen  strain  gages  in  multi-column  design  provide  up  to  250%  greater 
output,  improved  stability  and  better  uniformity  between  cells.  Capacities 
range  from  500  to  200,000  lbs.  All  cells  with  30  feet  of  special  moisture- 
and  chemical-resistant  cable  in  stainless  steel  jacket. 

Cox  and  Stevens'  fifteen  years  experience  in  designing  and  manufacturing 
load  cells,  plus  dead  weight  testing  facilities  which  make  possible  calibra¬ 
tion  to  higher  accuracies,  assure  maximum  reliability.  Write  for  technical 
bulletins. 


Gknkr.m  Ki kmric  Co..  Schcncc- 
tadv  S,  N.  announces  a  new 
line  of  slng-t\pc  niieromimatuie 
'lantalvtic  ciipaeitors.  I  hesc  polar 
units  permit  higher  mierofarad 
ratings  than  can  be  obtained  by 
wire-t\pe  units  with  the  same  case 
size.  I  he  capacitors  are  normallv 
enclosed  in  a  M\lar  slec-sc  which 
affords  excellent  insulating  cpial 
ities. 

'Hie  new  capacitors  are  designed 
for  low  voltage  transistor  applica- 
tions-such  as  hearing  aids-where 
high  microfarad  values  are  re- 
cjiiired  in  extremeh  small  spaces. 
Circle  338  on  Reader  Sersice  Card. 


TYPICAL  SPECIFICATIONS 


. 20  volts 

1.750  ±  .1%  mllDvolts/volt  Input 

. ±  .25%  of  full  load  output 

.  .0  to  -I-  .20%  of  full  load  output 


1.  Recommended  Input: . 

2.  Change  In  Output,  No  Load  to  Full  Load: 

3.  No  Lead  Output: . 

4.  Output  Linearity:  . 

5.  Temperature  Effect  on 

Cell  Output  (15  to  115*F); . . 

C.  Temperature  Effect  on 

No  Load  Output  (15  to  115*0: . 

7.  Input  Impedance  at  . . 

a.  Allowable  Load: . 

9.  Deflection  Under  Rated  Load: . 


.0008%/*F  of  output  at  applied  load 


.0013%/*F  of  full  load  output 

. 450  ±  1  ohms 

. 225%  of  rated  capacity 

. Less  than  O.OOr 


APPLICATIONS 


BATCH  WEIGHING 


PLATFORM  SCALES 


MISSILE  WEIGHING 


oi»o  Continuevs  W«i9hin9  *  Froport»OPiif»9  •  Tmck,  Trock,  Tonk  and  Crona  Scolat  •  Thrw«t  Maosurafiiant 


REVERE  CORPORATION  OF  AMERICA 


Beam  Power  Tube 
high  perveonce 

Radio  Corp.  or  .Xmkrica,  Il.ir- 
rison,  N.  |.,  has  introduced  the 
7094  high  perseance  beam  power 


Wallingford,  Connecticut 

A  SUBSIDIARY  OF  NEPTUNE  METER  COMPANY 
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tulK-  witli  high  power  gam.  in 
ton  tin  nous-wave  scrsice  it  can  be 
optratcci  with  500  w  input  (inter¬ 
mittent  commercial  and  amateur 
str\ite)  at  frequencies  np  to  00  me 
and  with  reduced  input  up  to  175 
me.  It  has  a  maximum  plate  dissi¬ 
pation  of  125  w  (1C.'\S)  in  mod¬ 
ulator  and  c-w  sersice. 

riie  new  tnlx'  can  be  operated 
with  relatively  low  plate  voltage  to 
give  large  jiovvcr  output  with  small 
driving  jxiwer.  C'irele  559  on 
Reader  Service  Card. 


Filter  Trap 
in  two  models 


Bi.nco  'Ir.i.F.visioN  .Xssrxa.MKs 
1.1  n..  27  lalx-T  Road,  Rexdale. 
Ontario,  Canada,  annoniices  de¬ 
velopment  of  their  new  improved 
adjacent  channel  interference  filter 
trap,  known  as  the  1  liter  .\latic. 

Hie  unit  incorporates  lli-y  traps  as 
well  as  band  pass  filters.  It  is  avail¬ 
able  in  single  and  dual  miKlels. 
Circle  540  on  Reader  Service  Card. 


(  cy  absolute 

2  /o  ACCURACY 


This  new  precision  meter  should 
not  be  confused  with  the  so-called 
"true"  RMS  voltmeters  which  use 
biased  diodes  or  other  "synthetic" 
RMS-sensitive  circuitry.  This  is  a 
reol  RMS  voltmeter,  incorporating 
an  electronically  protected  ther¬ 
mo-couple  as  its  RMS-responsive 
meter-rectifier. 


The  new  Millivac  MV-32A  preci¬ 
sion  RMS  VTVM  is  a  "transfer" 
voltmeter  in  which  the  unknown 
voltage  is  carefully  matched  by  a 
very  accurate  calibration  signal. 
Thus,  all  measuring  errors  created 
by  the  range  attenuator,  AC  am¬ 
plifier,  rectifier  and  indicating  in¬ 
strument  are  completely  elimi¬ 
nated. 


Transformer 
miniature  unit 

■•Knv.vNci  Industkiis,  Inc..  f)40 
.Manorial  ITrivc,  Cambridge,  Mass., 
lias  available  a  new  miniature, 
asvnmietrie,  laminar  jxivver  toroid 
for  use  in  either  airborne  or  ground 
equipment. 

riiis  25-vvatt.  4()0-eTele  trans¬ 
former  is  available  in  voltage  rat 


Diviilon  of  COHU  EUctronict,  Inc. 

BOX  997,  SCHENECTADY,  N.  Y. 
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SiM'vii  \1iiliirN 


C-M  LABORATORIES  INC 


iiigs  up  to  1,000  V.  Extreme  re¬ 
liability  with  very  small  sizx  and 
low  heat  rise  are  its  principal  de¬ 
sign  features.  Ilic  unit  is  capable 
of  meeting  \lIL-'I'-27  rec|uirc- 
ments.  Circle  341  on  Reader  Serv¬ 
ice  Card, 


Rotary  Converter 
changes  d-c  to  a-c 

Kato  Enginf.kring  Co.,  HI  5  First 
.■\vc.,  Mankato,  Minn.  'Hiis  rotary 
converter  can  be  mounted  easily  in 
a  vertical  position  as  a  component 
of  test  equipment,  on  lioats  or 
ground  mobile  equipment  which 
arc  supplied  only  with  d-c  and  must 
have  a  small  source  of  a-c. 

The  unit  is  111  in.  tall  with  a 
diameter  of  71?  in.  It  weighs  6?  lb. 

Precise  60  cps  output  frequency 
is  maintained  within  a  fraction  of 
a  cvclc  as  the  attached  speed  gov¬ 
ernor  holds  the  speed  at  3,600  rpm. 
Another  interesting  feature  is  that 
the  unit  is  both  fungus  proof  and 
corrosion  proof.  Circle  342  on 
Reader  Scrsicc  Card. 


WITHOUT  CORE  ADJUSTMENTS 


Exposure  ...  to  the  equivalent  of 
a  stiff  sea  spray  ...  on  a  hot.  humid 
day— one  more  test  the  G-M  Servos 
take  in  stride. 

Not  just  a  promise— hut  a  tested  tact. 

C-M  .Servo  Motors  are  built  to  de¬ 
liver  the  ultimate  in  performance. 
The  salt  spray  test  shown  above  is 
just  one  of  a  battery  of  tortures  de¬ 
signed  to  prove  G-M  Servos  under  all 
extremes  of  humidity,  temperature, 
altitude,  vibration  and  salt  spray. 

At  G-M  “Designed  to  Meet  Mil.  En¬ 
vironmental  Specifications*'  is  hacked 
by  production  testing  that  does  just 
that! 


pre-adjusted 
filter  cores 


GOOD  REASONS  WHY 
G-M  SERVO  MOTORS 
SERVE  YOU  BEST! 


•  guaranteed  effective  permeabilities  within 
±3%,  ±2%  Of  ±1%  of  specifications,  in¬ 
stead  of  usual  10*/*  to  50%  spread 

•  measured,  adjusted  and  grouped  for  mag¬ 
netic  characteristics  at  the  factory 

•  a  complete  line  of  pot-type  ferrite  cores 
from  H"  to  Hi"  diameter,  with  bobbins  and 
hardware  for  each  size 

•  available  in  quantity  to  manufacturers  of 
communications,  telemetering  and  computer 
equipment 


•  G-M  Servo  Motors  ore  available  in 
stondord  sizes. 

2  Standard  G-M  Servo  Motors  con  also 
be  modified  to  meet  specific  require¬ 
ments. 

3  Creative  engineering  in  designing  spe¬ 
cial  servo  motors  with  special  charac¬ 
teristics. 

A  Fost  production— better  service. 


Thmr»’»  Nothing 
tl$m  Cvon  Romotolf 
Uko  Thoao  Pro- 
Adjuatod  Poteoraa 


Write  Now  for  information, 
send  for  complete  G-M  charts 
and  specifications.  No 
obligation,  of  course. , - - 


Shielded  Mount 
for  2K25  klystron 

Xarda  Microwave  Corp.,  Miuc- 
ola,  N.  Y.,  announces  a  completely 
enclosed  and  shielded  tube  mount 


Writ#  for  literotur#  describing  tiandard  tiiet  avail- 
obi#  from  stoeb,  exact  permeability  values,  and 
number  of  turns  required  lor  any  given  inductance. 

FERROXCUBE  CORPORATION 
OF  AMERICA 

50  East  Bridge  Street,  Saugerties,  New  York 
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for  tlic-  2K25  723AH  klystron  in  1 
by  i  waveguide.  Providing  the 
correct  iin|x:dance  match  for  inaxi- 
innin  power  output,  model  9S0B 
mount  permits  tlie  klystron  shell  to 
Ik-  operated  at  |)otentials  above 
ground,  without  danger  of  sluKk. 

Internal  wiring  is  readilv  acces¬ 
sible  and  leads  are  brought  through 
Narda-iron,  which  is  a  dissipative 
plastic  that  will  not  chip  or  shatter 
due  to  mechanical  sluKk  Circle 
343  on  Reader  Seniee  Card. 


fcofi^mkally  pro- 

dwc«il  9f%  fully  oufomotic, 
potUAfud  ffiocliin**,  tKuM 
tfocli  GtC  nylufi  pom 
or«  ovotlobk  in  mony  tiiot 
ond  typo«  ORC  ws««  sio* 
covtty  tucHiiipuot. 
molds  ill  OAO  outomolic 
cycio,  90ti  occuroto.  uniform 
pom,  roody  for 
immo^ioto  uso. 

THoso  odvontopot,  tHoso 
•conomios.  opply  too  on 
pom  mod#  to  osoct  tpocifi* 
cottons  ...  in  quontitios 
of  50  000  to  mony  millions. 
Writ#  for  bullotin 
doscribinq  ORC's  uniquo 
motbods  for  infoction 
moldirto  smoll  plostic  pom 
or  sond  prints  for 
quototion  ,  Ask  obout 
our  tine  olloy  dio 
costiftqs,  toot 
Mosimum  siso: 

1*4**  lonq,  03  ot. 

No  siso  too  smoll 


Molded  *  Uniform  •  Accurate 

U$*d  ot  intulolort,  antifriction  booringt,  guides 
and  spocers  .  .  .  wall  suitod  to  shock  load  ap¬ 
plications  .  .  .  ideal  in  o  variety  of  applica¬ 
tions  .  .  . 

These  GRC  nylon  washers  have  built-in  electrical 
insulating  properties  .  .  .  naturol  elasticity  and 
resiliency  .  .  .  are  non-corrosive,  non-magnetic, 
chemical  resistant  .  .  .  conform  to  irregular 
turfocet,  teal,  dampen  vibration,  prevent  gal¬ 
ling  under  screw  heads. 

Avoiloble  from  stock  in  5  sizes,  from  it  4  thru 
Many  others  alto  from  BA  ■  iPtfS 

stock  in  a  variety  of  inside  al  I  I  l| 

and  outside  diometert  ond  I  I  L 
thicknesses.  IV  ■■  I  T  | 


iKMUToes 
t  •uswnos 


Write,  wire, 
phone  NOW 
for  detailed 
spec,  fheets 
and  prices. 


Phase  Shifter 
0.1  deg  accuracy 

Dyironics  C().,  P.O.  Box  3676, 
Columbus  14,  Ohio.  Model  440 
phase  shifter  uses  precision  R-C  ele¬ 
ments  111  the  basic  phase  determin¬ 
ing  networks.  I-'eatures  include 
iiiiitv  gam  mde|x-ndent  of  phase 
setting  and  the  direct  digital  set¬ 
ting  of  phase  angle.  Input  imjK-d- 
ance  is  200  K  and  output  im|K-d- 
ance  is  300  ohms.  Circle  344  on 
Reader  Service  C'ard. 


ORIES  REPRODUCER  CORP.  ■■■■■■ 

World's  foremost  Producer  of  Small  Dia  Costings 

151  Beechwood  Ave.,  New  Rochelle,  N.  Y.  •  NEw  Rochelle  3-8600 
CIRCLE  116  READERS  SERVICE  CARD 


FUNDAMENTAL  FREQUENCY 
RANGE; 

20  c'ps  to  20  kc  s 

DISTORTION  FREQUENCY 
RANGE. 

20  1 1*>  to  fiO  kr  s 

FULL  SCALE  DEFLECTIONS; 

O.S'^  to  lOO'-p  distortion 


INPUT  IMPEDANCE: 

200  Kilohms 


Total  distortion,  harmonics,  and  hum  meas¬ 
ured  separately.  Meter  readings  are  all  r.m.s. 
values.  This  instrument  makes  distortion 
measurements  easy,  fast  and  dependable. 


Connectors 
meet  MIL  specs 

C.VNNON  Fif.ciric  Co..  320S 
Humboldt  St.,  I,os  .\ngeles  31, 
Calif,  riie  new  KX  line  of  con¬ 
nectors,  resistant  to  heat  and 
\ibration  and  st-alcd  for  use  at  ex¬ 
treme  altitudes,  is  announced. 

F.X  connectors  meet  all  require- 


72  Emdrupvaj,  Copenhagen  NV,  Denmark 


Represented  in  Canada  by 

BACH-SIMP80N  •  London/Ontario 

Represented  in  the  United  States  by 

WELWYN  INT.  INC.  *  3355  Edgacliff  Terrace,  Cleveland  11,  Ohio 
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I  -..-I 


J 


|fcr«lUfy 
jT  BfUf-S 
1 5.000  MC 


incuts  of  MIL-CoOli  and  Mll.-K- 
S272.  I  licy  inav  he  o|K*ratcd  con- 
tinuonsK  at  tcin|xraturcs  up  to 
s2S  I’,  and  maintain  the  sealing 
eliaracteristies  necessary  to  present 
voltage  flashover  at  high  altitudes. 
Circle  345  on  Reader  Service  Card. 


NOW!  GO-NO  GO-COMPARATIVE 
MEASUREMENTS  AT  A  GLANCE 


For  Quality  Control  and  Production  Tests  From  DC  to  250  MC ! 


NEW  HIGH  SPEED 
COAXIAL  SWITCH 


APPLICATIONS 


Audio  —  Video  —  Intermediate  —  K.F. 
Circuitry  —  Passive  Networks  —  Vacuum 
Tubes  —  Diodes  —  Transistors  —  Etc. 


Permits  Dual  Scope  Presentations- 
Reference  and  Test 


An  otciHoscope  pretentotion  of  o 
typical  Ampitfier  in  Production  Test. 


Frequency  range  of  coaxial  circuit  it  from  DC  to 
250  MC  with  a  VSWR  of  lest  than  l.l  at  50  or 
75  ohms  impedonce.  Switch  contacts  ‘'Mercury- 
Wetted"  with  an  adjustoble  switch  rate  of  30,  I  5 
or  10  cpt. 


Core  Tubes 
high  temperature 

.Sii  ico.Ni:  iNsm  AiioN,  Isc.,  1  3S3 
Scabnrv  .\vt..  Hrnnx  61.  N.  Y 
Rectangular  and  round  high  tcin 
IKratnrc  core  tnlxs  or  coil  forms 
without  flangc-s  in  almost  am  size 
arc  available.  Class  11  tnlxs  are  of 
laminated  silicone  glass  cloth, 
riiev  are  designed  to  meet  the  re- 
c|mrements  of  militarv  s|xcifica 
tions  .Mil,  l',-917B  for  electrical 
jxtwer  ecpiipment  and  MII.-I’ 
164n0.\  for  electronic  ecpiipment. 
Class  M  tnlxs  are  of  lainmatcd 
polvester  glass  cloth  or  laminated 
epoxv  glass  cloth.  Circle  346  on 
Reader  Seniee  C’ard. 


$250.00 
r.0.1.  PLANT 
Model  FD-30* 


For  further  informotion  on  Appli- 
cations  and  Specifications  write  la: 


ELECTRONICS  CORPORATION,  Dept.  TED-1 5 
Philadelphia,  Pa. 


Specify  50  ohm  or  75  ohm  impedance 


CIRCLE  1I>  READERS  SERVICE  CARO 


■ULEY  FILTER  NETWORKS  ARE  NOW  AVAILABLE  IN  THREE 
STANDARD  DESIGNS  WITH  CHARAaERISTICS  SEUCTEO  FOR 
GENERAL  APPUCATION  IN  COMMUNICATIONS  SYSTEMS. 
ESPECIAUY  SUITABLE  FOR  USE  IN  SSB  AND  MINIATURIZED 
EQUIPMENT,  AS  WELL  AS  HIGH  SHOCK  AND  VIBRATION  MILI¬ 
TARY  APPUCATIONS.  FOR  CUSTOM  APPUCATION,  BUUY 
WIU  DESIGN  FILTER  NETWORKS  OVER  THE  RANGE  2  me 
TO  20  me.  REOUEST  BULLETIN  #509. 


Gas  Noise  Source 
for  shf  uses 


Br.NDix  .\vi.\ii()N  CoRi'.,  Red 
Bank  Hivision,  Katontown,  N.  ). 
rv|x  rn-22  gas  noise  source  tube 
IS  designed  for  use  in  super  high 
frecpiencv  ineasureinents.  It  is 


BLILEY  ELECTRIC  COMPANY 

UNION  STATION  BUILDING  •  ERIE,  PENNSYLVANIA 
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^  1-  Snap  ' 
into  chasis 
k  hole  j 


SAVE  MONEY 


MAGNECRAFT 

Electric  Company 


Protect  the  life  line  of 
your  electrical  products 
with  Nylon  HEYCO 
Strain  Relief  Bushings 


Heavy  Duty 

MINIATURE 


constructed  for  use  with  a  90  cleg 
ii-plane  inoiint  in  RG/-ISU  wave¬ 
guide  to  provide  noise  in  the  7.6- 
ll.i  cm  waveband.  W'hen  used  in 
tlie  suggested  mount  assemblv  it 
fnnetions  essentiallv  as  an  untuned 
noise  generator  over  the  recom¬ 
mended  transmission  bandwidth 
of  the  mount. 

I'vpical  applications  for  the 
tiilK-  are;  radio  receiver  calibration, 
radiometer,  microwave  radio  relav, 
radio  telescope  reference  and  noise 
measurement  standard.  Circle  347 
on  Reader  Service  C'ard. 


\  Special  heavy  duty 
contact  arms  and 
contacts  switch  1 0 
amperes  (non-induc- 

heavy  duty  service. 

Contact  combinations  up  to  4PDT  for  DC 
operation  and  DPDT  for  AC.  Operating 
voltages  to  2-30  V,  DC  and  440  V,  60  C. 

Resistance  to  shock,  vibration  and  tem¬ 
perature  change  to  meet  miUtary  specifi¬ 
cations. 

Heavy  duty  contacts  can  also  be  furnished 
in  combinations  with  normal  or  low  level 
signal  load  contacts. 

Available  with  plug-in  mounting,  also  dust 
tight  or  hermetically  sealed  enclosure. 


Anchor&lnsulate 
power  supply  cords 


Digital  Voltmeter 
transistorized 

Kvnsovi  Rkskarcii.  s2s  \\  .  “th 
St..  San  Pedro.  Calif.  Ihc  DN'M-l 
digital  voltmeter  mav  be  set  for 
full  scale  readings  of  plus  10,  100 
or  1,000  V  or  minus  10,  100  or 
1,000  V  aud  measure's  voltages  to 
a  full-scale  accuraev  of  better  than 
O.s  percent. 

It  operates  from  a  117-v  a-c 
source  (20  vv)  and  consists  of  tran¬ 
sistorized  computer  elements  in¬ 
cluding  a  precision  digital-toanalog 
converter.  comp;irator,  logic  and  a 
reference  power  supply,  which  is 
held  to  an  accuracy  of  better  than 
0.1  percent.  Circle  348  on  Reader 
Service  Card. 


Magnecrdft  Plug-in  Relays 

•  Simplify  wiring  —  may  be  plugged  in 
after  equipment  is  installed. 

•  Easily  removed  or  replaced  —  no 
special  skill  or  equipment  required. 

•  Permit  inspection,  testing  or  adjust¬ 
ment  with  negligible  down  time. 

Available  for  wide  range  of  requirements. 

Tell  us  what  you  need  or  send  for  catalog. 


Seed  for  tamples  to  fit  your  wire,  today! 


HEYMAN 

MANUFACTURING  COMPANY 

KENILWORTH  15^  NEW  JERSEY 


Converters 
voltage  to  digital 

Ao.vck,  Inc.,  292  .Main  St.,  Cam 
bridge  42.  Mass,  announces  Voldi- 


3350B  W.  Grand,  Chicago  51,  III. 
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Lioi 

^  “  “  r 

con,  an  instrument  designed  to  op¬ 
erate  either  as  a  digital  soltmeter 
or  as  an  analog  to  digital  eonverter. 
It  is  capable  of  2,000  completely 
indejxndent  conversions  per  sec, 
and  is  completclv  transistorized  to 
eliminate  noise  and  heat  and  to  re¬ 
duce  maintenance  to  a  minimum. 
One  of  the  ikw  features  of  V'^oldi- 
con  is  printed-circuit  cards  which 
arc  designed  to  prevent  error. 
Circle  349  on  Reader  Service  Card. 


XOLOR 

and  Monochrome 
DC  to  SMC  LAB  &  TV 
5"  OSCILLOSCOPE 


•  Features  DC  Amplifiers! 


Flat  from  DC*-4.5  me.  usable  to  10  me. 
VRRT.  AMPI...:  sens.  25  rms  mv/ln;  input  Z3 
meKs.  direct -coupled  ft  push-pull  thruout; 
K-foliower  coupling  bet.  staKes;  4-8tep  freq- 
coni  pensated  attenuator  up  to  t000:l. 
SWRKP:  perfectly  linear  10  cps-lOO  kc  (ext. 
cap,  for  ran^e  to  1  cps);  pre-net  TV  V 
IMHtitLons  auto.  sync.  ampl.  ft  Itm.  PI..1'S: 
direct  or  cap.  coupllnf?;  bal.  or  unbal.  inputs; 
edge-lit  engraved  lucite  graph  screens,  dim¬ 
mer;  filter;  bezel  fits  std.  photo  equlpt.  High 
Intensity  trace  ('RT.  0.06  usee  rise  time.  Push 
pull  hor.  ampl..  fiat  to  400  kc.  sens  0.6  rms 
mv/ln.  Built-in  volt,  calih.  Z-axIs  mod.  Saw¬ 
tooth  ft  60  cps  outputs.  Astig  control.  Re¬ 
trace  blanking.  Phasing  control. 


At  Hughes  the  Systems  Engi¬ 
neering  approach  is  considerad 
essentiai  for  optimum  reliability. 


The  basic  design  of  complex  elec¬ 
tronic  systems  is  relatively  more 
advanced  than  the  Reliability 
Engineering  which  will  ensure 
their  successful  operation. 


Ground  Power  System 
for  aircraft 

\'.\RO  Mk;.  Co..  Inc.,  2201  W'al- 
nut  St.,  Garland,  Texas.  Model 
2613  is  a  13  kva  motor-cluteh-gen- 
erator  set  having  400  eps  :t:  0.1 
pereent  frecpienev  regulation.  It  is 
designed  for  automatic  pre-lauueh 
checkout  of  missile  systems.  .\ 
unic|ue  control  allows  tracking  of 
an  external  reference,  automatic 
svnehronization  with  and  load 
transfer  to  the  missile  airborne  snp- 
plv.  Circle  330  on  Reader  Sen  ice 
Card. 


Thus,  the  challenge  of  the  reli¬ 
ability  barrier  now  requires  the 
optimum  application  of  creative 
engineering. 

Several  openings  for  both  senior 
and  junior  engineers- preferably 
with  radar  systems,  missiles,  or 
communications  backgrounds - 
now  exist  in  these  areas  of  relia¬ 
bility:  Prediction,  Design  Review, 
Analysis,  Promotion,  Your  inquiry 
is  invited.  Please  write  Mr.  J.  C. 
Bailey  at  the  address  below. 


Rntlrely  H^rtronlr  sweep  circuit  (no  mech¬ 
anical  devices)  with  accurately-biased  In- 
creclurlor  for  excellent  linearity.  Rxtremely 
flat  RF  output,  new  circuit  automatic¬ 

ally  adjusts  osr-.  for  max.  output  on  each  band 
with  min  ampl.  variations.  Kxi'cplionul  tun¬ 
ing  accura4  >  :  edge-lit  hairlines  eliminate 
parallax.  Swept  4>im-.  Range  nic  in  5 

fond,  bands.  Variable  Marker  Range  2-75  me 
In  3  fund.  Imiids;  60-22.^  iii<  .  on  harmonic 
band.  4.5  me  \tal  Marker  xtal  supplied. 

Kxl.  Marker  prirvision.  Sweep  Width  0-3  me 
lowest  max.  dv^vialion  t*)  0-30  me  highest  max. 
dev.  2-w'ay  blanking.  Narrow*  range  phasing. 
Attenuators:  Marker  Size.  HF  Fine.  UF  f’oarse 
(4-step  de<-ade>.  Cables:  output,  sxope  burlz., 
scope  vertical. 


.  CONDUCTANCE 
r  Tube  & 
Transistor  Tester 


COMPLETE  with  steel  cover  and  handle. 


RPKRD,  ease,  unexcelled  accuracy  ft  thor¬ 
oughness.  Tests  all  red'elvlng  tubes  (and 
picture  tubes  with  adapter)  (  omiNosfte  Indi¬ 
cation  of  t>m.  Cjp  ft  peak  emission.  Simulta¬ 
neous  sel  of  any  1  of  4  combinations  of  3  plate 
voltages.  3  screen  voltages,  3  ranges  of  con¬ 
tinuously  variable  grid  voltage  (with  5^  ac¬ 
curate  pot).  New  series-string  voltages:  for 
600,  450.  300  ma  types  Henslflve  200  ua 

meter.  5  ranges  meter  senslstlvlty  (1%  shunts 
ft  5%  pot.)  10  bl\-p«»sltion  le%er  switches: 
free  ))oint  c-rmnection  of  each  tul»e  pin.  10 
push-buttons  rapid  Insert  of  any  tube  ele¬ 
ment  in  leakage  lest  circuit  ft  sp<*edy  s**l.  of 
indivdual  sections  of  multi-section  tubes  in 
merit  tests  Direct-reading  of  inf.er-elenrent 
leakage  In  ohms.  New  gear-driven  rvdlchart. 
4'h«‘cks  ii-p-ii  ft  p-n-p  transistors:  s«‘parate 
meter  readings  of  eolle«'tor  leakage  4*urrent 
ft'  Beta  using  internal  dc  power  supply.  l'K.\ 
Adapter  141.50 


the  IVett'i  leader  in  advaneed  elearmits 


Saentific  and  Hnginerring  Staff 

nUBARCH  •  OBVBI.OPMKNT 
UkBORATORIKa 

Culver  City,  CaUfornia 


Silicon  Rectifier 
nine  cabinet  styles 

Chris  I  IK,  Ki  kcmric:  Cork.,  3410 
\\'.  67th  St.,  Los  .\ngclcs  43,  Calif., 
has  clcvcloptd  a  line  of  aiitomatic- 


Sec  the  50  EICO  modeb  IN 
^OCK  at  TOur  neighbor.  Prices  5% 
hood  distributor.  Write  fox  higher  on 
FRE^aulog  J.5  West  Coast 

33-00  NORTHERN  BLVD 
LONG  ISLAND  CITY 
CIRCLE  122  READERS  SERVICE  CARD 
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^il¥ 

TV-FM 

SWEEP  GENERATOR 

A  MARKER 

:36S 

Factary-wired  sllQVSH 
and  Itsltd  '  ' ^  ■ 

,  Also  available 

*69”  1 

1  as  kit 

allv  regulated  silicon  power  recti¬ 
fiers.  Oesigned  principally  for  mis¬ 
sile  testing  and  general  use,  tlie  new 
line  includes  standard  models  from 
^0-1,  sOO  ani|xres  in  nine  different 
cabinet  stvies.  N'oltage  ranges  from 
si  to  1  ss  \  d-c. 

1  lirougli  a  Ingldv  stable  mag 
netic  amplifier  control  (using  onh 
static  components,  the  manufac¬ 
turer  claims  precise  regulition  ±. 
O.s  |xrceut,  fast  response  0.1  sec, 
and  low  ripple  of  1  jKrcxiit  riiis. 
C'irele  351  on  Reader  Sersicc  C^ard. 


IWINIATUBI«0 

printed  CIRCUI 
'^plug-in  type 


Shown 

Without  Coso 


APPLICATIONS 

•  Super-sensitive  relay 

•  Temperature  control 

•  Automation 

•  Time  delay  relay 

•  Touch  control 

•  Photo-electric  device 

•  Intruder  alarm 

•  Safety  device 

•  Sales  promotional  display 


COMPACTROL  is  a  thyratron  arnpli- 
fier  with  power  relay,  associated 
circuitry  and  115  v  a.c.  power 
supply.  It  is  self-contained  and 
compactly  packaged  in  a  plastic 
case  of  high  impact  styrene. 


INPUT  —  >/4  microwatt  to  operate 

OUTPUT  —  1  to  3  poles,  each  5 
amps,  at  2SO  volts  a.c. 


WRITE  FOR  DESCRIPTIVE  FOIDER  V.318 


ENCINEERINC  CORPORATION 

101  SPRINGFIELD  ROAD  UNION,  N.  J 

Telephone:  MUrdock  8-7150 
MANUFACTURERS  OF  THERMISTERS  I  VARISTORS 
CIRCLE  124  READERS  SERVICE  CARO 


Solid  State  Device 
two  configurations 

T  KX.SS  InSI  RtlMF.NlS  InC..  P.(  ) 

Box  312.  IXill.is.  Texas.  The  Sen- 
sisfor  silicon  resistor  has  a  0.7  per¬ 
cent  jxr  deg  C  positne  tempera¬ 
ture  cixffieient  of  resistance.  It  is 
exjxcted  to  ha\e  wide  .ipplication 
as  a  tempcr.iture  comjx’iisating  de- 
Mce  ill  mnuaturi/ed  amplifiers, 
servos,  computer  switching  circuits, 
magnetic  amplifiers  and  power  sup¬ 
plies.  There  are  two  configurations, 
both  in  standard  resistance  ratings 
ranging  from  100  to  1.000  ohms  at 
25  C.  C'irele  352  on  Reader  ScTsice 
Card. 


IM  ANALOG  COMPUTING 


Coax  Components 
microminiaturized 


IN  CONTROL  SYSTEMS  ENGINEERING 


T'.i  KciRO-  Physics  T.snoR.MORir.s, 
2065  Huntington  Drive,  San  Ma¬ 
rino,  Calif.,  announces  two  new 
rugged  uiicrumiiiiature  coaxial  com- 
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TRAOFMAHi 


THE  STANDARD  ELECTRIC  TIME  COMPANY 


89  LOGAN  STREET  •  SPRINGFIELD,  MASSACHUSETTS 


Here’s  information  you’ll  want 


poncnts— attcMiuators  with  a  preci¬ 
sion  of  ±0.5  clb,  and  iinix'dancc 
matching  pads  having  a  low  loss. 
Dimensions  of  both  arc  J  in.  diam¬ 
eter  by  2  in.  length.  These  units 
are  designed  for  i  w  input  power, 
and  mate  with  Kl’L  microminiature 
coaxial  connectors.  Both  eoni- 
ponents  are  carried  in  stock  for 
most  impedance  ratios  and  values. 
Circle  553  on  Reader  Service  Card. 


Accurate,  reliable,  versatile  Elapsed 
Time  Indicators.  Synchronous 
motor  drive,  manual  or  electric 
zero  reset.  Electric  clutch  controlled 
by  manual  or  automatic  switch 
or  output  of  electronic  tubes. 
Units  available  for  flush  panel 
mounting  or  portable  use. 


Power  Amplifier 
for  X-band  use 


Ri  sdki  Kncim  krin(,  Corp.,  330 
So.  Fair  Oaks  .\ve.,  Pasiidena.  Calif. 
No.  90173  X-band  pulse  c-w  power 
amplifier  consists  of  a  wide-band 
twt,  power  siipplv,  and  air  ciKiling 
assemblies  requiring  a  total  of  aj> 
proxiniatelv  3S  in.  of  19-in.  relay 
rack  Sjxice. 

Specified  minimum  out]mt  is 
4  w,  S.000-1 0,000  me,  but  up  to 
14  w  is  conimonlv  obtained  at  the 
upper  end  of  the  range.  Hum  and 
noise  are  30  db  Ixlow  full  output 
mimiimm.  [.eakage  is  —80  dbm 
niaxinmm.  Circle  354  on  Reader 
Service  Card. 


CIRCLE  126  READERS  SERVICE  CARD 


y$"  ★  1"  ★  IV'  ★  2"  ★  2/1"  CRT  NECK  DIA 


for  MILITARY  and  COMMERCIAL  PRECISION  DISPUYS 


HIGH  RESOLUTION 
FAST  RECOVERY 
HIGH  SENSITIVITY 
LOW  LT 
CONTROLLED 
MAGNETIC  FIELDS 


Writ*  for  CELCO  DEFLECTION  YOKE  Cotologuo  &  Ootign  Shoots  or  for 
immodioto  onglnooring  OMittonco  Coll  your  nooroit  CELCO  Plant: 

AAaliwali,  N.  J.  Miami,  Ho.  Cwcomoago,  CaRf. 

^  Oavio  7>1I23  Pima  l-POtS  Yukon  3-2M8 


D-V  Storage  Tube 
black  background 

.\m.kn  H.  DoMoni  F.MioR.sioRirs, 
Inc.,  750  Bloomfield  .\ve.,  Clifton, 
N.  J.  Images  on  radar  screens,  half- 
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Modol 

Scolo 

Division* 

S-100 

1/5  tec. 

S-60 

SM-60 

S-10 

1/10  tec. 

S-1 

1/100  tec. 

MST 

1/1000  tec. 

0 

0 

AO 

i/i 

$ 

1/1000  tec. 

GET  THE  EXACT 
TERMINAL  YOU  NEED  i 

4rimmpi^m! 


STANDOFFS 


U  h 

IH  1 

TT 

i4^  Ui 

1  FORK  " 

ROST 

DOUBLE  TUtlET 


SUB  miniature 


FFiD  THKOUGHS 


9328  Byr«n  SLr««t,  S<hill«f  foHi,  lllinaii 

IClwcogo  Suburb! 
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SINGLE  TURRET 


FROM  THE  LARGEST 
STANDARD  and  CUSTOM 
LINE  AVAILABLE... 

Over  100  variotios  are  furnished  as  stand¬ 
ard.  This  includes  a  full  ranffe  of  types, 
sizes,  body  materials  and  plating  combina¬ 
tions.  Specials  f:an  be  supplied  to  any  spec¬ 
ification  The  Whitso  line  is  complete  to 
the  fullest  extent  of  every  industrial,  mili¬ 
tary  and  commercial  requirement. 

Standoff  terminals  include  fork,  single  and 
double  turret,  post,  standard,  miniatureand 
sub-miniature  body  types—  male,  female  or 
rivet  mountings — molded  or  metal  base. 
Fe<-d  through  terminals  are  furnished  stand¬ 
ard  or  to  specification. 

Whitso  terminals  are  molded  from  mela¬ 
mine  thermosetting  materials  to  provide 
optimum  electrical  properties. 

B«dy  MottrioU:  Standard  as  follows  -mela¬ 
mine,  electrical  grade  (Mil-P-14,  Type 
MMK);  nr«'lamine  impact  grade  (Mil-P-14, 
Type  MM  1 1;  and  phenolic,  eU-ctrical  grade 
(Mil-P-14,  Typ«-  M  FK). 

flallng  Combinolient:  Twelve  terminal  and 
mounting  combinations,  depending  on  el(>c- 
trical  conditions,  furnished  as  standard. 

SpscioU:  Body  materials  and  plating  com¬ 
binations,  also  dimensions,  can  be  supplied 
to  any  custom  specifications. 

PROMPT  DELIVERY  IN  ECONOMICAL 
QUANTITY  RUNS 

Gel  factt  on  the  moet  com 
plele,  mo»t  dependable 
murce  for  lerminalt 
and  cutlont  molded 
parte.  Rrquret 
catalog 


tone  or  l)lack  and  wliitc,  can  now 
bc'  retained  for  more  than  five 
minutes  and  viewed  in  virtually 
anv  ambient  light  envirtmment.  by 
use  of  the  black  background  direct- 
\  iew  storage  tube.  .Applications  are 
for  fire-control  radar;  airplane-C(Kk- 
pit  radar  display;  airport  surveil¬ 
lance;  transient  studies;  and  visual 
coummuicatious.  Circle  As5  on 
Reader  Service  Card. 


Video  Transformers 
tiny,  wideband 

l-.SC  CoRP.,  5s4  Ikrgen  Blvd.. 
I’alisLides  Park.  N.  .mnouuces 
.1  new  line  of  wideband  video 
lAansformers.  'Iliese  submmiature 
units  with  wide  bandwidth  (SO  cps 
to  S.O  me)  arc  used  to  replace 
bulkier  components,  for  creating 
greater  economv  and  increasing 
equipment  efficiencv.  Transformers 
are  supplied  with  solder  terminals. 
I  hev  meet  all  applicable  Mil-Specs. 
C'ircle  SS6  on  Reader  Serv  ice  Card. 


Panel  Meter 
miniaturized 

Imi.rn-viiox.vi.  Insiru.mi.ms  Inc., 
P.O.  Box  29S-4,  New  Haven,  Conn., 
announces  a  new  1  i-in.  sOO  deg 
scale  jxmel  meter.  Model  ITS  has 
a  S.-4-in.  scale  length,  which  is 
comparable  to  that  of  4  i-in.  meters 
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#  THERMISTORS 


SUPPRESS  INITIAL 
SURGE  CURRENTS... 


t  ^  \ 


SURGE  SUPPRESSED  BY  THERMISTOR 


PROTECT  FILAMENTS 


Application  of  voltage  to  tubes  in  re¬ 
ceivers,  transmitters,  computers,  and 
other  electronic  equipment  subjects 
their  filaments  to  initial  current  surges 
(top  oscillogram). 

These  surges  cause  premature  fail¬ 
ure  or  uixsatisfactory  service  life.  Bot¬ 
tom  oscillogram  shows  how  a  G-E 
thermistor  can  suppress  the  surge 
and  protect  the  tube  filaments. 

The  thermistor  has  a  large  negative 
temperature  coefficient  of  resistance. 
The  high  resistance  holds  surge  cur¬ 
rent  to  a  low  value  during  initial 
application  of  voltage.  As  the  cold  fila¬ 
ment  gradually  heats  up  —  raising  its 
resistance  to  normal  level  —  the  ther¬ 
mistor’s  resistance  lowers  to  a  negli¬ 
gible  value,  fiermitting  full  current  to 
flow  after  a  brief  period. 

G-E  thermistors  can  also  be  used 
to  prevent  surges  from  opierating  re¬ 
lays,  or  disturbing  sensitive  apparatus. 
They  can  provide  time  delay,  control 
warning  circuits,  sequence  switching. 

For  more  information,  or  thermistor 
test  kits,  write:  Magnetic  Materials 
Section,  General  Electric  Company, 
7806  N.  Neff  Blvd.,  Edmore,  Michigan. 


THERMISTOR  TEST  KITS 
$12.50  Mch 


III  L'  11  0I»S  (IMN  OMHS). 
I  MZti. 

Ml  I:  It  nws  (iw.i«.MOMiat). 
•  sini.  I  cii»Dc$. 


Ill  C:  U  ■«»»<  AMD  *00$ 
(IMH  OHMS).  <  $111$.  1  C«»I>C$. 
I:  It  M$K$  (IM  0HM$), 

1  $IU$.  I  C*ADC$. 


FhjgrgssA  Our  Mott  hnforignt  ProAxt 

GENERAL^  ELECTRIC 
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1 


:  '■ 


1 

i 


Krohn-Hite 

VARIABLE 

ELECTRONIC 
FILTERS  . 


FEATURING 
•ULTRA-LOW 
FREQUENCY  COVERAGE 

•100,000  to  1 
FREQUENCY  RANGE 
IN  ONE  INSTRUMENT 

•DIRECT  FREQUENCY  . 
CALIBRATION 


of  provn  quality! 


Krohn-Hite 

CORPORATION 


Howard  B.  Jones  Division 

«  AMW  R  •<  tt/flMC  COtROtAflOM 

;  C*  H  I  C  A  r.  O  J4  I  L  I.l  N  CJ  I  :> 

OR  wwIVIW-CaR*  RASftMltCOOR 


CABINETS 


of  conventional  tvpc.  Accuracy  is 
held  to  :t.  >  percent  of  full  scale 
deflection,  and  it  is  ex|K-cted  that 
tliis  meter  will  find  wide  applica¬ 
tion  in  portable,  airborne  and  other 
equipment  where  weight  or  panel 
space  must  lx*  vised. 

I  he  meters,  featuring  a  min¬ 
iaturized  n’.Xrsonval  movement, 
are  self-contained,  indisidualh  cali¬ 
brated  for  use  on  magnetic  or  non 
m.ignctic  p.mels,  and  supplied 
re"ads  for  use.  C'ircle  3S7  on 
Reader  Service  Card. 


Precision  con¬ 
struction  to  exact 
s  |)  e  c  i  f  i  c  a-| 
tions!  Complete 
packaKed  alumi¬ 
num  cabinets  — 
basic  structure, 
side  panels,  doors, 
front  panels,  inte¬ 
rior  chassis  and 
frame  structures 
for  support  of 
electronic  equip¬ 
ment. 


ANTENNAS 


Circular  and  rec-  ^ .  yKTlSii 

tanrrular  parabolic  0 

antennas  with  reflec- 

tor  tolerances  to 

meet  the  most  riurid 

specifications  .  . 

fabricated  to  order.  ^ 

(•(fSSrLT  Ol'H 

STAt'F  in  itre-dfitiyinng  or  drvfloi>- 
on’iit  Htayrit  of  aiij)  /n'ojrrt  nt  .V( 
(ihl'ijotio »(. 


MODELS  330-A  and  330-M 


Indicator 

phase  sequence 

M.vsifr  .Si’F.ci.vi  I  IKS  Co.,  9S6  F. 
108th  St.,  Los  .\ngcles  >9,  Calif., 
announces  a  6-oz  pockct-si/c  phase 
sequence  indicator.  It  detects  and 
signals  correct  phase  sequence  of 
three  phase  power  sup|)lies.  No 
nio\  ing  parts  arc  used.  .\  resistancc- 
ca|jacitancc  phase  sequence  sensing 
network  drives  a  neon  indic“ator 
lamp,  riie  neon  lamp  will  ilhinii- 
iiate  onh  if  jiliase  sequence  is  cor¬ 
rect,  and  all  leads  energized.  Circle 
358  on  Reader  ScTvice  Card. 
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Frequency  Range  i  Price 


S475.00 


330- M*  Band  Pass  ' 0.2  cps  to  20  kc  J475.00 


J475.00 


350- A*  Rejection 


360- A*  I  Rejection 


’Available  lor  rack  mountinf  at  15.00  additional. 


For  further  information  on: 

•  Filters 

•  Power  Supplies 

•  Oscillators 

•  Power  Amplifiers 
write  for  our  free  catalog  D 


Angular  Divider 
for  synchros  and  pots 

TitF.i.s  Instrument  Corp..  -4S 
Pine  St.,  K.  Paterson,  N.  J.  Shaft 
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1 


for  many  applications 


Consvh  US,  without  obligation, 
about  your  specific  wire  problems. 
Write  for  list  of  products. 


SIGMUND  COHN  MFG.  CO..  INC. 

1]1  south  COIUMSUS  AVINUE  ■  MOUNT  VE'NON  NEW  YOtK 


ESTERLINE-ANGUS 


of  rotating  conn>oncnts  arc  jjosi- 
tioiiccl  to  an  accnracs  of  20  see  of 
arc,  and  flexible  couplings  arc 
asoidcd  In  a  new  tcclinic|nc  of 
using  the  ssncliro  shaft  t»)  locate 
the  tenter  of  rotation  of  tlie  svn- 
thro  housing  in  the  model  H  ^  pre¬ 
cision  angular  divider. 

Unskilled  o|)erators  t“an  handle 
this  inediainsin  since  collecting  is 
antoniatic  and  readings  are  direct. 
•Adapt.ition  to  all  housing  and 
shaft  sizes  can  1k‘  actoniplished  in 
approxiniateb  one  ininnte  at  a  cost 
of  SI 00  |X'r  adapter.  Ca'rele  350 
on  Reader  Sen  ice  Ciard. 


''Tlie  Meter  With  a  Record 
for  Over  50  Years 


-  X  $  Savings  =  $  Sales 
%  Profit 

Reducing  costs,  eliminating  waste,  saving  power— Any  Reduction 
in  Operation  Cost— contributes  directly  to  profit.  In  many  plants, 
a  cost  reduction  of  $100  a  month  has  the  same  effect  on  profit  as  sales 
of  $20,000  a  year. 


Start  now.  Trim  costs  with  Graphics. 

Ask  for  Graphic  856— How  to  Make  Plant  Surveys 


The  ESTERLINE-ANGUS  Company.  Inc. 

Pioneers  in  the  Manufacture  of  Graphic  Instruments 

Dept.  E,  P.  O.  Box  596,  INDIANAPOLIS  6,  INDIANA 


Electronic  Symbols 
pressure  applied 

Ikii  I  .sc,  I\(  ..  “2“  W.  Sesenth 
Sf..  I, os  .\ngeles  1“.  Calif  Pressure 
a|)phed  electronic  ssinbols  on  clear 
.icetate  as  a  drafting  aid  are  asail- 
ablc.  .Ml  standard  ssinbols  to  fit 
J.W.  MIL.  .\S A  rcqnirenients  are 
inchided.  Complete  ssstem  consists 
of  lf)5  nnmiK'red  pajxr  backed  acc 
t.ite  sheets  on  each  of  which  are 
an  aserage  of  4S  ssiiiImiIs,  depend¬ 
ing  on  size.  C'ircle  3b0  on  Reader 
Sen  ice  C>ard. 
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Continuous  electroplating  methods  permit 
cooting  of  many  metals  an  to  wire  (or  rib- 
bon)  in  specified  thicknesses  of  plate  . . .  This 
very  flexible  operation  makes  it  possible 
to  designote  a  desirable  base  or  precious 
metal  with  a  cooting  of  another  metal  for 
its  own  particular  characteristics.  In  our 
laboratory  Tungsten  wire  os  small  as 
.00015"  has  been  electroplated  with  Gold. 
. . .  New  combinations  of  plating  on  wire  are 
being  developed  by  our  reseorch 


Pulse  Generator 
high  powered 

N.avic.xtion  Com  pit  I  kr  Corp., 
1621  Snyder  Avc.,  Philadelphia  45, 
Pa.  Model  101  5. A  power  pnlse  gen 


SINCE  1*01 
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RADIO  ENGINEERING  PRODUCTS 

1080  UNIVERSITY  ST.,  MONTREAL  3,  CANADA 

^  TELEPHONE  CABLES 

UNivcrtily  6.6B87  .  RADENPRO.  MONTREAL 


crator  contains  three  indcpcnclcnt 
sections  which  proclncc  O.I  /iscc 
pulses  of  >0  V  ainplitiidc,  when 
triggered  hv  external  soltage  tran¬ 
sients.  Output  amplitude  is  varia¬ 
ble  from  0  to  30  v,  and  in  both 
positive  and  negative  polarities.  In¬ 
put  is  a-c  coupled  and  mav  be  trig¬ 
gered  bv  anv  negative  transient  of 
at  least  1  fisvc  |Kr  1  v.  Circle  361 
on  Reader  Sen  icc  Card. 


ARNOLD  TOROIDAL  COIL  WINDER 


sets  up  quickly . . .  easy  to  operate 
takes  wide  range  of  wire  sizes 


SPECIFICATIONS: 

•  Min.  finished  hole  size:  .18  in. 

•  Max.  finished  toroid  O.D.:  4.0  in. 

•  Winding  speed:  1500  turns/min. 

•  Wire  range:  AWG  44  to  AWG  26 

•  Dual,  self-checking  turns  counting  system 

•  loading  (wire  length)  counter 

•  Core  range:  I.D.  to  4*  O.D.  to  I'/j*  high 

LABORATORY  USE 

•  Change  wire  and  core  size  in  45  sec. 
PRODUCTION  USE 

•  1500  turns  per  minute 

•  Insert  core  ond  lood  in  20  sec. 

includes  all  rings,  counters  and  accessories 


We  also  wind 
toroidal  trans¬ 
formers  for 
military  envi 
ronment  to  your 
specifications. 


Pulse  Counter 
linear  amplifier 

rF.ciiNic.vi  .\U;.\sitRi.\ir;Nr  CJorp.. 
140  State  St..  New  Haven.  Crtmi., 
has  devel<)|xd  the  model  l’.V3M  dif- 
fereiiti.il  integral  pulse  height  selec¬ 
tor  with  linear  amplifier.  The  aiia- 
Iv/er  section  features  three  iikkIcs 
of  ojxratioii:  an  integral  iiuKle  for 
coimtmg  all  pulses  above  the  b.ise 
line;  a  0  10  v  window  nuKle;  and 
an  up|X‘r  limit  iikkIc  which  makes 
the  window  control  a  0  to  100  v 
upper  limit,  for  counting  pulses 
Ixtween  lower  and  up|xr  limits. 
.\mplifier  section  has  binarv  gams 
controls  from  1  to  64;  maximum 
gain  is  S.OOO;  RC  clipping  is  fixed. 
Circle  362  on  Reader  Service  C^ird. 


IMMEDIATE  DELIVERY.  Literature  on  request 

ARNOLD  MAGNETICS  CORP. 

46t5  W.  Jefferson  Blvd.,  Los  Angeles  16,  Calif. 


REpublic  1-6344 
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MINIATURIZED 

CARRIER  TELEPHONE  SYSTEMS 
FOR  RADIO  AND  4-WIRE  CABLE 


FOUR  OR  24  CHANNELS 


Two  miniaturized  voice-multiplex  systems  providing 
four  or  24  voice  channels  over  radio  or  4-wire  cable 
are  availoble.  They  have  many  advantages  over  earlier 
designs:  high  performance,  small  size,  light  weight,  low 
cost,  circuit  simplicity,  low  power  requirements,  small 
number  of  tubes  of  a  single  type  only,  low  operating 
cost,  low  maintenance  and  high  reliability. 

These  systems  provide  a  voice-channel  flot  within  1  db 
from  300  to  3500  cycles,  for  each  4  kc  of  bondwidth 
occupied.  Each  channel  is  equipped  with  hybrid,  signal¬ 
ling,  and  dialling  circuits  for  all  the  standard  2-wire  and 
4-wire  loop  options. 

The  basic  unit  provides  an  order-wire  and  4  carrier- 
derived  channels.  These  units  can  be  stacked  in  groups 
of  2,  3,  4  or  5  by  means  of  a  group  modem  to  provide 
9,  14,  19  or  24  channels.  Full  flexibility  is  provided  for 
dropping  and  inserting  channel  groups  at  repeater  and 
terminal  points.  Moderate  lengths  of  4-wire  cable  or 
open-wire  line  may  be  inserted  between  the  multiplex 
equipment  and  the  radio  terminals. 


24-chann*l  carrier-telephone  terminal  complete  with  hybrids, 
ringing  and  dialling  circuits,  and  test  facilities.  Dimensions  are 
SB"  high,  16"  wide  and  8"  deep.  Power  input  250  watts.  Weight 
326  lbs. 


Sealed  Relay 
ultrasmall,  light 

C.  P.  Ci.vRK  &  Co.,  4101  Pratf 
Blvd.,  Chicago  45,  111.  I’yix’  P  licr- 
mcticallv  scaled  relay— iin  bigger 
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AN  INVITATION 
TO  JOIN  ORO 


Pioneer  In 

Operations  Research 


Operations  Research  is  a  young 
science,  earning  recognition  rapidly 
as  a  significant  aid  to  decision-mak¬ 
ing.  It  employs  the  sersices  of 
mathematicians,  physicists,  econo¬ 
mists,  engineers,  political  scientists, 
psychologists,  and  others  working 
on  teams  to  synthesize  all  phases  of 
a  problem. 

At  ORO,  a  civilian  and  non¬ 
governmental  organization,  you 
will  become  one  of  a  team  assigned 
to  vital  military  problems  in  the 
area  of  tactics,  strategy,  logistics, 
weapons  systems  analysis  and 
communications. 

No  other  Operations  Research 
organization  has  the  broad  expe- 
rieiKe  of  ORO.  Founded  in  I94h  by 
Dr.  Ellis  A.  Johnson,  pioneer  of 
U.  S.  Opscarch,  ORO’s  research 
findings  have  influenced  decision¬ 
making  on  the  highest  military 
levels. 

f)RO’s  professional  atmosphere 
encourages  those  with  initiative  and 
imagination  to  broaden  their  scien¬ 
tific  capabilities.  For  example,  staff 
nKmbers  are  taught  to  "program’* 
their  own  material  for  the  Univac 
computer  so  that  they  can  use  its 
sersices  at  any  time  they  so  desire. 

ORO  starting  salaries  are  com¬ 
petitive  with  those  of  industry  and 
other  private  research  organiza¬ 
tions.  Promotions  are  based  solely 
on  merit.  Ihe  "fringe”  benefits 
offered  are  ahead  of  those  given 
by  many  companies. 

The  cultural  and  historical  fea¬ 
tures  which  attract  visitors  to 
Washington,  I).  C.  arc  but  a  short 
drive  from  the  pleasant  Rethesda 
suburb  in  which  ORO  is  IcKatcd. 
Attractive  homes  and  apartments 
arc  within  walking  distance  and 
readily  available  in  all  price  ranges. 
Sch(X)ls  arc  excellent. 


For  furthor  mformotioo  writ*; 
Rrofottiooal  AppomtmonH 

OPERATIONS  RESEARCH 
OFFICES 

The  Johns  Hopkins  University 

693B  ARLINGTON  ROAO 
BETHESOA  14,  MARYLAND 


tliaii  a  postage  staiiip-is  designed 
to  fill  tlie  deiiiaiid  for  a  smaller, 
lighter  relay  stalwart  enough  to 
withstand  extremes  of  temperature, 
heavy  shock  and  extreme  \ibration, 
set  fast  and  more  than  moderately 
sensitise. 

I  \|x;  I'  is  rated  for  ambient  tem- 
ixratures  from  —6s  C  to  -t-125  C. 
It  is  tested  for  shock  of  50  g  for  1 1 
millisec.  V'ibration  tests  show  from 
5-75  cps  at  maximum  excursion  of 
A  in.  (75-2,000  cps  at  20  g  acceler¬ 
ation).  Pickup  time  is  5.5  millisec 
nominal;  drop-out  time,  1.5  iiiilh- 
sec  nominal.  Circle  363  on  Reader 
.Scrx  icc  Card. 


Electrocardiograph 

transistorized 

Sanborn  Co..  1~5  W’vman  St.. 
W'alth.un  5-4.  .Mass.  Ihe  direct- 
writing  model  300  N'lsette  KCCi 
electrocardiograph  is  the  size  of  a 
small  (nernight  case  and  weighs 
onlv  IS  lb  complete.  I  hree  vae- 
uuni  tnlx's  and  a  dozen  transistors 
and  diodes  arc  used  in  the  circuit, 
which  records  fractional-niilhsolt 
action  potentials  of  the  heart  as  ,i 
permanent  tracing  on  a  strip  chart, 
by  means  of  a  recording  gab  anome- 
ter.  .'\ll  amplifier  circmtrv  is  con¬ 
tained  on  plug-in  printed  wiring 
jranels.  to  facilitate  an\  sersiemg 
that  mav  lx  necessiiry.  Circle  364 
on  Reader  Service  C'ard. 


SYNONYMOUS 


FLUHER 

METERS 


j  For  the  most  complete  line  of  Flutter  Meters, 
j  there  is  only  one  source  —  dir  LTD.  From  the 
meters  used  in  simple  maintenance  test  equip¬ 
ment  to  the  most  complex  standardization  and 
analysis  equipment  for  missile  flight  systems  and 
telemetering  systems  -  we  make  them  all. 


WIDEBAND  FLUHER  METERS 


MOOCL  FI  30  Fiunrn  ano  wow  meter 


F*«tur*« 

A  comenient  inttrunient  of  moderate  cost  for  use  in  field  main¬ 
tenance  of  imisiC'System  tape  recorders  and  reproducers,  and 
plionopa^  turntables. 

Spacificjtlont 

Carrier  fitouency  -  3000  cps.  stabilued  oscillator 
Bandwidth  -  within  3  db  to  250  cps  modulation 
Bandwidth  SelKtion  -  0  5  to  6  cps.  6  to  250  cps.  0.5  to  250  cps 
Scale  Ranges  -  2%  and  0  5%  full  scale  rms 
Pric*;  $225.00 


MODEL  FI  4B  WIDEBAND  FLUTTER  METER 


Features 

A  very  sensitive  broadband  instrument  for  laboratory  us*  m  the 
precise  measurement  of  small  amounts  of  flutter  with  compo¬ 
nents  up  to  5000  cps  Most  frequently  used  m  telemetering  and 
data  reduction  systems. 

Specifications 

Carrier  Frequncy  -  I4.50C  cps.  crystal  controlled 
Bandwidth  -  0-c  to  5000  cps  within  6  db 
Bandwidth  Selection  -  Full  range  above.  0.5  to  30  cps. 

30  to  300  cps.  300  to  5000  cps 
Scale  Ranges  -  02%.  06%  and  2.0%  rms  full  scale 
Drift  Meter  -  --2.0%  frequency  change  d  c.  to  4  cps 
Display  -  3-inch  flat-face  oscilloscope  tor  flutter  analysis 
Phee:  $965.00  rack  mounted.  $1000.00  in  cabinet 


MODEL  FL  SA  LABORATORY  STANDARD  FLUTTER  METER 


Features 

An  eitremely  stable  Itemoerature  controlled  discrimmatorl  in¬ 
strument  with  great  sensitivity  and  eitended  bandwidth  for  labo¬ 
ratory  worh  in  connection  with  prtcision  instrumentation  data 
recorders.  Galvanometer  outputs  provided 
Specifications 

Carrier  Frequencies  -  40  kc  and  70  kc .  crystal  controlled 
Bandwidth  -  O.c  to  10  kc.  with  704ic  carrier 
to  4  kc  with  40  kc.  carrier 

Indicating  Instruments  -  Level  kleter.  and  ±2%  Drift  Meter 
Output  Signals  -  Scope  two  galvanometer  outputs 
Sensitivity -0  05%.  02%  end  2.0%  selectable 
Drift  -  On  d-c  galvo.  output,  less  than  10  parts  per  million 
in  VA  hour 

Price:  $3450.00  rack  mounted 


MODEL  FL  BA  BROADCAST  FLUTTER  METER 


Features 

An  instrument  designed  for  accurate  measurement  and  analysis 
of  flutter  and  wow  in  high-quality  audio  tape  recorders. 
Specifications 

Carr-er  Fiequnecy  -  BOOO  cps..  stabilized  oscillator 

Bandwidth  -  D.c.  to  1200  cps 

Bandwidth  Selection  -  Full  range.  0.5  to  30. 

30  to  300.  300  to  1200  cps. 

Scale  Ranges  -02%.  0  6%.  and  2  0%  rms  full  scale 
Display  -  3'inch  oscilloscope  for  waveform  observation 

Price:  $845.00  rack  mounted,  $880.00  in  cabinet 

WRITE  FOR 

COMPLETE  INFORMATION  AND  PRICES 


402  fast  Gutierrez  Street 
P  O  Boi  1500 
Santa  Bar^ara.Californta 
Bintilfcll  I  rriuMl  Teteptrone  WOodland  5  4511 
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Newly  Developed  CTS  Military  Variable  Resistors 


Complete  line  composition  and  wirewound  military  variable  resis¬ 
tors  now  in  production.  Dependable,  exceptionally  good  delivery 
cycle.  Tested  and  certified  to  meet  latest  specs  of  MIL-R-94B 
characteristics  X  and  Y,  and  MIL-R-19A. 

Composition  controls  Styles  RV2  (1  watt),  RV4  (2  watts)  and  RVS 
(1/2  watt  miniaturized)  meet  latest  MIL-R-94B  specs.  Wirewound 
controls  Styles  RA20  (2  watts)  and  RA30  (4  watts)  meet  latest 
MIL-R-19A  specs.  All  are  available  in  a  varied  of  shafts,  bushings 
and  resistances.  All  except  Type  65  are  available  in  2  or  3  section 
concentric  shaft  and  straight  shaft  tandem  constructions. 


ELKHART 


INDIANA 


Specialists  in  Precision  Mass  Production  of  Variable  a  F'ixed  Resistors 
CIRCLE  139  READERS  SERVICE  CARD 


RIBBONS 'STRIPS 


of 


if  PURE  TUNGSTEN 
if  MOLYBDENUM 


if  THORIATED  TUNGSTEN 
if  SPECIAL  ALLOYS 


and  OTHER  METALS 
IN 

ULTRA  THIN  SIZES 

to 

TOLERANCES  CLOSER  THAN  COMMERCIAL  STANDARDS 

by 

OUR  SPECIAL  ROLLING  TECHNIQUE 

Note:  for  highly  engineered  applications— strips  of  TUNGSTEN 
and  some  other  metals  can  be  supplied 

ROLLED  DOWN  TO  .0003  THICKNESS 

•  Finish:  Roll  Finish— Black  or  Cleaned 

•  Ribbons  may  be  supplied  in  Mg.  weights  if  required 

For  HIGHLY  ENGINEERED  APPLICATIONS 

DEVELOPED  AND  MANUFACTURED  BY 


H.CROSS  CO. 


IS  lEEKMAN  ST,.  N.  Y.  38.  N  Y 

ruiPHOM 

COrtlondt  7-0470 


Literature  of 

MATERIALS 

j  Alumina  Ccraiiiic.  Cmirs  Por¬ 
celain  Co.,  Golden.  Colorado. 

'  Bulletin  No.  is  a  4-page  folder 

■  eovering  .SH-OQ  alumina  ceramic, 

a  dense,  nonporous,  99  )K‘rcent 
aluminum  oxide  ceramic.  ’Hie 
matcri.il  described  features  liigli 
strength  at  high  temjxratiires.  and 
j  ultra  low  dielectric  loss  characteris¬ 

tics  at  microwave  frequencies. 
C’irele  250  on  Reader  Service  Card. 


COMPONENTS 

Klectrical  C^oiinectors.  Compo¬ 
nent  .\lfg.  Service,  Inc.,  Compo- 
nenf  Park,  W  est  Bridge-water,  Mass. 
.\  4-page  illustrated  folder  discusses 
the  companv's  custom  service  for 
producing  electrical  connectors  of 
Molded-On  one-piece  construction. 
With  the  technique  mentioned, 
wire  ends  and  soldered  joints  arc 
emlx’dded  and  isolated  from  each 
other  in  a  solid  binlv  of  high  iiiqxict 
insulating  material.  Circle  251  on 
Reader  Scrsicc  C'ard. 

Miniature  Chop|x-r.  Ihc  Bris¬ 
tol  Co.,  Waterhiiry  20,  Ctmiu.  .\ 
single-page  bulletin  illustrates  and 
descrilx-s  a  new  svneroserter  dpdt 
miniature  chopjxr  designed  bir 
high  reliability  and  long  life  in  drv 
circuit  applications.  Characteris¬ 
tics  and  dimensifinal  drawing  are 
given.  Circle  252  on  Reader  Serv¬ 
ice  Card. 

Reflex  Klvstrons.  Kitel-McCul- 
lough,  Inc.,  San  Bruno,  Calif.,  has 
available  an  illustrated  booklet 
which  covers  the  adaptation  of 
ceramics  to  a  new  line  of  Kimac 
reflex  klystrons.  Specifications  arc 
included.  Circle  253  on  Reader 
.Serviee  Card. 

Relays.  Iron  lireman  Mfg. 
Co.,  283S  S.  I',.  9th  .\ve.,  Portland 
2,  Ore.  .\  new  catalog  descrilxs 
miniature  and  subminiature  relays 
manufactured  by  the  company.  A 
special  section  includes  data  and 
charts  for  computing  the  character- 
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istics  of  rclavs  tiiulcr  \ar\ing  condi¬ 
tions  of  resistance,  current,  \oltage, 
power  and  tein|X.'ratnre.  Circle  254 
on  Reader  Sersiee  C’ard. 

Silicon  Rectifiers.  .\ndio  De- 
sices,  Inc..  Rectifier  Disision.  620 
I!  Dser  Road.  Sant.i  .\na.  Calif., 
lias  pnhiislad  a  64  page  silicon 
rectifier  liandIxKik  ssliicli  explains 
tlie  tecliniciilities  of  tliese  desices, 
lioss  tlies  are  made,  where  tlies  are 
used,  .ind  how  to  use  them  in  mans 
applications.  Price  is  SI  C'ircle 
255  on  Reader  Sc*niee  Card. 

Solderless  Terminals.  AMP  Inc., 
Ilarrishiirg  sO.  P,i.  The  Selectalog 
i'<  a  20  p.igc.  four-color  IxMiklc  t 
smmn.iri/ing  the  mforni.ition  con¬ 
tained  in  .WIP's  c.it.ilog  .'.ficv  In 
tended  as  .i  reference  index  for 
those  concerned  ssith  modeiii  dec 
trie  circnitrs.  the  hrodinre  ilso 
constitutes  a  digest  of  soldcrlcss 
termm.ition  tcchnicjiies.  R\  nsmg 
it.  the  engineer  can  select  t!ie  c.it- 
alog  which  offers  the  information 
he  seeks.  Carcle  256  on  Reader 
Serv  ice  Ciard. 

'Taiitahim  ('apaeitors.  Psrimid 
F'.lectric  Co..  1445  Hudson  Rise!., 
North  Rergen.  N.  ).  A  4pagc 
hiilletm  contains  engineering  data 
and  electrical  characteristics  for  a 
new  shig-tspc  tantalum  capacitor 
line.  C'ircle  257  on  Reader  Sc-nice 
C:ard. 


Teflon  I  erminals.  Sealeetro 
Corp..  610  I’asette  .\ve..  Mamaro- 
neck.  N.  \  condensed  listing  of 
the  most  |X)pnl.ir  Press  l  it  ts  jxs- 
stand-offs,  feed  thronghs.  connect¬ 
ors.  test  jacks,  prolxs.  pings  and 
t.i|xr-pin  receptacles- is  presented 
in  a  new  catalog.  Circle  258  on 
Reader  Senice  C'ard. 

Thermistor  Proix-  .Assemhlic-s. 
I’enwal  F.lectronics,  Inc.,  Mellcn 
St.,  Traniingham.  Mass.  Nine  s|X- 
cialls  designed  thermistor  proix 
assemhlics  are  descrilxd  in  detail 
in  a  new  4-pagc  hrcxhnre.  Kach 
asseinhlv  is  identified  In  its  most 
common  application,  and  has  coin- 


The  quickest,  surest  woy  to  achieve 
true  dota  control  in  digital  systems  is 
to  specify  an  Epsco  Model  B  DATRAC 
voltage-digital  converter. 

REliABiE  —  Epsco  pioneered  the  field 
of  high-speed  data  conversion  tech¬ 
niques  ...  is  today  considered  its 
leader  Epsco  DATRACS  have  been 
field-proven  in  hundreds  of  installa¬ 
tions,  coast-to-coost 
ACCURATE  —  ±0.05%  ±  least  sig¬ 
nificant  binary  digit. 

ECONOMICAL— High  speed  operation 
—  up  to  44,0X  independent  conver¬ 
sions  per  second  —  makes  possible 
virtually  any  degree  of  economicol 
system  expansion. 

AVAILABLE  MODELS 


Model  B-611  — 11  bit  straight  binary 
code,  including  sign 
Model  B-613  —  3  decimal  digits  EpSCO 

plus  sign,  binory  coded  8-4-2-I  Model  B 


or  4-2-2-1 

Model  B-617  —  4  decimal  digits 
plus  sign,  binary  coded  4-2-2- 1 


EPSCO  SYSTEM  BUILDING  BLOCKS 

•  low-level  diflerentiol  omplirers 

•  high-speed  electronic  inultipleaers 

•  quick-look  osciHogroph  recorders 

•  voltoge-digitol  conveners 

e  magnetic  core  butter  storoge  units 
e  transistorized  logic  circuits 


voltage-digital 

converters 


Complete  engineering  data  on  request. 


^SCO^ 

Epsco,  Incorporoted,  586^^ommonw^Uh^AEe.,  Boston  I! 


-^-P|-st'ln  TData  Control 


Epsco,  Incorporoted,  SaBTCommonAdClth  Afe.,  Boston  IS,  Moss.  For  service  in  the  West.- 
Epsco  Service  Corp.  of  Colifornio,  1722  Westwood  Blvd.,  Lot  Angeles  24,  California 
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plctc  dimensions  and  mounting 
arrangements.  Circle  259  on 
Reader  Sersicc  Card. 


Transistor  Phvsics.  Texas  In¬ 
struments  Inc.,  P.O.  Box  512, 
Dallas,  'Texas.  .\n  8-page  reprint 
of  an  illustrated  article  entitled 
“'Transistor  Phvsics”  is  available. 
It  contains  information  on  the 
element  germanium,  discusses 
diode  action  and  the  diode  ecjua- 
tion.  The  author  then  introduces 
the  concept  of  transistor  action 
developing  the  necessarv  associate^l 
equations.  Circle  260  on  Reader 
Service  Card. 


puts  I 

PERFORMANCE 

into  every  coil! 


Regardless  of  type  or 
quantity,  every  coil  is 
quality  manufactured 
to  your  exact  specifi¬ 
cations. 


*  Encapsulated  •  Paper  Interleave 

*  Bobbin  •  Cotton  Interweave 

*  Form  Wound 

*  VTocuum  Impregnoted 

*  High  Temperature  Application 
Also,  Tronsformers  Made  To  Order 


EQUIPMENT 


.\nalog  Computer.  Donner  Sci¬ 
entific  Co.,  Concord,  Calif.  Kight- 
page  data  file  510  descrilKs  the 
mcKlel  5100  high  aecuraev,  medium 
si/.c  analog  computer.  In  design, 
analysis,  or  control  problems,  the 
com|niter  discussed  affords  an  ac¬ 
curate.  time-saving  model  of  an 
arbitrarv  phvsical  svstem.  C'irclc 
261  on  Reader  Service  Card. 


NOW  AVAIIABLEI  New  30  page  Dano 
illustrated  catalag  including  technical  coil 
designing  data. 


THE  DANO  ELECTIIC  CO. 


CIRCLE  143  READERS  SERVICE  CARD 


Cable  Sup|M>rting  Systems.  T.  J. 
Co}K‘  Division.  Rome  Cable  Corp., 
Colleges ille.  Pa.  ,\  new  60  page 
l(K)se-leaf  catalog  contains  the 
latest  information  on  the  companv’s 
complete  line  of  cable  supporting 
svstems,  including  cable  trough, 
cable  ladder,  cable  channel,  and 
Rak  it  svstem  supports  and  acces- 
soiies.  Circle  262  on  Reader  Serv¬ 
ice  C'ard. 


MOLDED  RESISTORS 

retain  their  values! 


S.  S.  White  Molded  Resistors  retain  their 
original  values  and  never  deteriorate  due 
to  age! 

S.  S.  White  resistors  serve  dependably 
in  hundreds  of  commercial , . .  industrial 
. . .  and  scientific  applications.  They  are 
characterized  by  low  noise  level . . .  pre¬ 
cision  .  .  stability .  negative  tempera¬ 
ture  and  voltage  coefficients.  Non-hydro- 
scopic  base  withstands  temperature  and 
humidity  They  are  compact,  have  ex¬ 
cellent  stability  and  mechanical  strength. 

For  full  details,  write  for  our  Bulletin 
5409.  We'll  be  glad  to  help  you  apply 
these  high-quality. “all-weather”  resistors 
to  your  product.  Just  drop  us  a  line. 

FIXED  RESISTANCE  VALUES 
■  RANGE  FROM  1000  OHMS  TO 
10,000,000  .MEGOH.MS! 

65X  Molded  Resistor .  I  watt 

80X  Molded  Resistor .  3  watts 


Klectrical  Confrol  Kqiiipmcnt. 
/cnith  Klectric  Co.,  1  52  W.  W^il- 
ton  St.,  ('hicagn  10,  Ill.  ,\  64-pagc 
brochure  gives  ilctailcd  informa¬ 
tion.  technical  data  and  prices  on 
all  tv]X's  of  automatic  electrical 
control  eciuipmcnt.  .\pplications. 
construction  details,  engineering 
information  and  oixrating  features 
are  included,  as  well  as  general  data 
and  design  specifications.  It  is 
indexed  in  four  sections— automatic 
transfer  switches,  contactors,  sjx- 
cial  controls  and  timing  devices. 
Request  copies  on  company  letter¬ 
head. 


GOLD,  SILVER,  PLATINUM, 
RHODIUM,  PALLADIUM... the 

precious  metals  generally  cost  the 
same,  no  matter  where  you  buy 
them.  But  you  do  get  more  for 
your  money  when  you  buy  pre¬ 
cious  metal  plating  from  Harper- 
Leader.  You  get  the  full  benefits 
of  the  engineering,  metallurgical, 
and  other  highly  specialized  serv¬ 
ices  of  Harper-Leader’s  technical 
staff. 

Hend  for  Bulletin  E-58 


S.  S.  WHITE  INDUSTRIAL  DIVISION 
10  Eait  40th  Street,  New  York  16,  New  York 

Western  Office:  D*P»  * 

1839  Wes)  Pico  Blvd.,  Los  Angeles  6,  Calif. 
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Instruments  Data,  .\ctou  Labora¬ 
tories,  Inc.,  555  Main  St.,  .\cton. 


Waterbury  20,  Conn. 
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M;iss.  A  file  t\|K'  hroclmrc  |)r«)- 
\i(U's  c'onck'iisccl  c;it<il()g  (lat.i  on  a 
coiiipicte  line  of  instnimcnts. 

I  licsc  incliuic  phase  meters,  phase 
standards,  im|Kdaiice  meters, 
stsin’s,  amplifiers,  oscillographic 
recorders,  potentiometer  test  equip¬ 
ment,  knobs,  dials  and  dual  s|Ked 
drives.  Circle  263  on  Reader  Sers- 
iee  C^ard. 

Microwave  l•requenev  Meter. 
I’olvtechnic  Resciirch  Develop 
ment  Co.,  Inc..  202  Tillarv  St., 
Brooklyn  1,  N.^'.  .\  single-sheet  j 

bulletin  contains  features  and  speci¬ 
fications  of  the  tv|X’  5S7-.\  micro-  i 
wave  frequenev  meter  which  has  an  I 
extended  range  of  2s0  to  1,000  me, 
I’rice  of  the  unit  descrilxd  is  S2s0.  | 

Circle  264  on  Reader  Serv  ice  C’ard. 

Portable  P-.\  Svsteni.  Polvtron-  j 

ics  Inc.,  7326  Wkstmore  Rd.,  ' 

Rockville,  Md.  .\  four-page  folder 
illustrates  and  dcscrilK’s  the  Porta- 
\^)x,  a  new  portable  sclf-powcrcd 
p-a  system,  .\pplications  and  prices 
are  inclnded.  Circle  265  on  Reader 
Si-rvice  C’ard.  | 


WE  ARE  SPECIALLY  ORGANIZED 
TO  HANDLE  DIRECT  ORDERS  OR 
ENQUIRIES  FROM  OVERSEAS 
SPOT  DELIVERIES  FOR  U.S. 

BILLED  IN  DOLLARS - 
SEHLEMENT  BY  YOUR  CHECK 
CABLE  OR  AIRNUIL  TODAY 


alien 


aation 


TYPE 

uwF/ft 

llMPED.n 

O.D. 

Cl 

7.3 

150 

•W 

C11 

6.3  1  173 

6.3  !  171 

.44' 

C22 

5.5 

184 

.44* 

C3 

5.4 

197 

.64* 

C33 

4.8 

220 

.64' 

C4 

4.6 

229 

1.03* 

C44 

4.1 

252 

1.03' 

NEW 


‘mX  amt  SM’  SUBMIHIAJURE  COHHECTQRS 
Constant  50ft-65n-70n  impedances 


TRANSRAOlO  LTD.  138a  Cromwell  Rd.  London  SW7  ENGUNO 


tmtt:  nuutM.  Luatt 
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FACILITIES 

Printed  Circiiitrv.  Printed  Klec- 
tronics  Corp..  North  St.,  Natick. 
Mass.  A  new  briKlmre  on  printed 
circuitrv,  in  file  folder  stvle.  con¬ 
tains  full  descriptive  data  on  mate¬ 
rials,  specifications,  design  toler¬ 
ances.  .111(1  applic.ition  mform.ition. 

I  he  patented  Narciis  Process  for 
plating  holes  is  dcscrilKd.  PF'.C 
provides  complete  engineering  serv¬ 
ices  and  manuf.icturmg  f.icilities 
for  printed  circuitrv.  Carcle  266  on 
Reader  Senice  C-ard. 

Piilveri/ing  Service.  liquid 
Nitrogen  Processing  Corp.,  451 
B(H)th  St.,  Chester,  Pa.,  has  avail¬ 
able  literature  annouiicing  its  serv¬ 
ice  of  pulveri/.ing  heat-sensitive  ma¬ 
terials  with  h(|uid  nitrogen.  I  he 
service  discussed  is  indicated  where 
(1)  the  ni.iterials  might  thermallv 
degrade  during  pulveri/.ing;  (2)  a 
reactive  compound  would  be  con¬ 
verted  Ixcaiisc  of  heat  elevation; 
and  (3)  where  the  materials  will 
soften  or  melt  at  a  low  tem|X'rature. 
Circle  267  on  Reader  Service  C’ard. 


Save  SPACE 
and  WEIGHT  with 

The  A.  W.  HAYDON  COMPANY'S  unique  Line  of 
RELIABLE  SUB-MINIATURE  REPEAT  CYCLE  TIMERS 


TINY  I  f 

I  ■  2  inch  crotl  tcclion 

6'/]  ounce  botic  weight  ^ 

Up  to  10  iwitchci 

TOUGH I 

Temperoture  54  C.  to  85  C. 
Vibrotion:  500  CPS.  lOg 

Shock;  30g 

Hermcticolly  Scaled  Housinget  Direct 
Current  or  400  Cycle  Operation!  Cuttom 
Designed  to  Meet  Military  Speciricotiont! 
Write  (or  Bulletin  AWH-RC-301. 


NOfTM  IlM  STMIT, 
WATIItUlT  *0.  CONNiCTICUT 
Detlen  un4  •# 
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PLANTS  and  PEOPLE 


Leach  Opens  New  Facility 


An  elkctric  current  generated 
by  the  warmth  of  a  human  liand- 
shake  literally  turned  on  the  power 
and  put  a  new  Sli  million  manu- 
faeturing  facility  (picture)  to  work 
in  Compton,  Calif.,  recently. 

Kenneth  I".  Julin,  president  of 
the  Leach  Corp.,  which  produces 
controls  and  power  for  aircraft  and 
missiles,  held  a  small  electric  cur¬ 
rent  producing  device  called  a 
thermistor  as  he  received  a  con¬ 
gratulatory  open  house  handshake 
from  Los  Angeles  Chamber  of 
Commerce  president  George  B. 
Cose. 

W'armth  of  the  handshake  gen¬ 
erated  enough  electricity  in  the 
thermistor  to  activate  a  system  of 
sensitive  Leach  relays  and  set  up  a 
circuit  which,  amplified,  turned  on 
the  new  plant’s  lights  and  started 
its  machinery. 

The  new  Leach  facility'  in  subur¬ 
ban  Compton  contains  101,000  sq 
ft  and  houses  corporate  offices  and 
two  divisions — the  Inct,  which 
produces  aircraft,  missiles  and  con¬ 
trol  system  equipment,  and  Special 
Products,  which  engages  in  new 
product  development. 

The  original  comp>any,  the  Leach 
Relay,  which  claims  to  account  for 
one-tenth  of  all  relays  produced  in 
the  U.S.  for  military  and  commer¬ 
cial  airplanes,  missiles  and  indus¬ 
trial  purposes,  is  housed  in  a  plant 
nearer  the  heart  of  Los  .\ngclcs. 

Dedication  of  the  new  facility 
brought  to  a  climax  one  third  of  a 
century  of  Leach  history  that  be¬ 
gan  in  San  Francisco  shortly  after 
W'^orld  War  I  with  formation  of  a 


company  making  an  automatic  an¬ 
tenna  switch  and  power  relay. 
Founder  was  a  former  U.S.  Navy 
radio  operator,  V.  A.  Leach. 


Appoint  Epstein 
Chief  Engineer 

CONTROE  FeECTRONICS  Co.,  InC., 
Huntington  Station.  N.  Y.,  has 
appointed  Markus  M.  Kpstcin 
(picture)  as  chief  engineer. 

Epstein,  formerly  with  Empire 
Devices.  Inc.,  also  was  associated 
at  one  time  with  the  Fairchild 
Pilotless  Plane  Division  and  his 
background  includes,  as  well,  work 
with  the  Bell  .\ircraft  Corp., 
Lewyt  Corp.,  and  the  U.  S.  Army 
Signal  Corps,  llis  developments 
have  covered  the  broad  field  from 
d-c  devices  through  microwave  sys¬ 
tems  and  components.  He  has 


completed  projects  in  radar,  guided 
missiles  controls,  autopilots,  mi¬ 
crowave  components  and  systems, 
noise  and  field  intensity  receivers, 
and  precision  power  supplies. 


Name  Lehne  V-P 

,\pi*()iNTMENr  of  Henry  Lehne 
(picture)  as  vice  president  of 
Sylvania  Electronic  Systems,  a  di¬ 
vision  of  Svlvania  Electric  Pr<Hlucts 
Inc.,  is  announced.  He  continues 
as  general  manager  of  the  division 
with  headquarters  in  W’altham, 
Mass. 

Lehne  joined  Sylvania  in  19s^ 
after  serving  for  H  years  in  various 
engineering  and  sales  positions  with 
Republic  Aviation  Corp. 

Set  Up  New 
Firm  In  West 

Six  executives  (one  marketing  ex¬ 
pert.  five  engineers)  left  a  leading 
L.  A.  engineering  firm  at  the  end 
of  January  to  organize  their  own  dc- 
yclopment  and  manufacturing  com¬ 
pany.  PARABAM,  in  El  Segundo, 
Calif.  Headed  by  niomas  A. 
Feeney,  president,  they  cx|X’Ct 
their  experience,  ranging  from  H 
to  20  years  apiece  and  their  prosen 
ability  for  teamwork  to  carry  them 
through  the  current  slump  and  up 
into  the  predicted  third  quarter 
defense  spending  upsurge.  Apply¬ 
ing  stock  s|x:culation  principles 
P.\R.\BAM  decided  to  plunge  in 
while  the  market  is  low. 

Using  their  combined  back¬ 
grounds  in  aircraft  design,  aircraft 
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CONSTANT  DELAY  BAND  PASS  AND  LOW  PASS  FILTERS 
ARE  AVAILABLE  WITH  ATTENUATION  SLOPES  ILLUSTRATED: 


new  constant  delay  filters  ^ 

give  minimum  intelligence  distortion  and  ma)^ 
in  radar,  telemetering  and  other  missile  applicaj^ons 


^se  linearity 


BAND  PASS  FILTLRS  LOW  PASS  FILTERS 

CK«nn«i  ST  Oet«y  in  ms.  B  W  Frequency  Part  jT  Delay  in  ms 


Now  .  .  .  Burnell  &  Co.’s  new  Type  60051  Constant  Delay 
Filter  series  provide  delay  constant  to  within  5%  over  the 
Pass  Band  —  solve  troublesome  distortion  caused  by  non¬ 
linear  systems. 

It  has  become  apparent  that  the  phase  characteristics  of 
telemetering  filters  are  of  greater  importance  than  amplitude 
characteristics  in  creating  intelligence  distortion  and  mini¬ 
mum  transient  response  of  frequency  modulated  signals. 

Inasmuch  as  delay  is  constant  where  the  derivative  of  the 
phase  function  is  truly  linear  it  is  an  important  measure  of 
phase  linearity.  To  obtain  constant  delay,  a  complete  circuit 
configuration  revision  based  on  a  lattice  structure  is  required. 

For  compactness,  a  standard  type  60051  housing  is  avail¬ 
able.  Upon  special  order  JHU-APL  housings  for  circuit  re¬ 
placements  can  be  supplied. 

For  more  detailed  information  on  constant  delay  filters 
write  for  Bulletin  CD-051. 


StOlOl 

S«0l02 

SMIO) 

SM104 

SMIOS 

SMI04 

S60I07 

S«010t 

SMI09 

SMIlO 

SMltl 

SMtl? 

SMlll 

S601M 

S60II5 

SMllft 

S60II7 

SMIlt 

SM119 

S601?0 

S601?l 

SM17? 

SMI?) 


?9S  »* 

2  11  " 
I  S?  A 
I  7)  A 
90S  n 
Ml  A 
Sll  A 
19?  A 

)0?  A 
?lt  A 
ISO  A 
11?  r 
09l?> 
OS)S* 
039?  • 
0?94  I 
0??4  I 
OIM  I 
Ofi*  < 
0S4I 
041? 
0309 
0?3) 


V600S1 

ssoos? 

SSOOS) 

VS00S4 

S600SS 

SS00S6 

SbOOS? 

ssoost 

S600S9 
SMOM 
S600SI 
S6006? 
S6006) 
SSOOM 
S  6006S 
S600M 
SS00S7 
S600M 
S  60069 
S60070 
S  60071 
S6007? 
S6007) 


CASC  si2e-<4'r.»  ■  2  ■  vi"  h  (cssoosii 

INPUT  IMPCOANCC  •  MO  0*«At« 

OUTPUT  fMPfOANCC  •  SOO  oNmi  and  to  grid 


CASC  Si?e  — P’  ,«  ■  19.«  ■  ?%  M 
input  iMPtOANCC  e«ua>%  SOaSOO  o*»m« 
OUTPUT  IMPCDANCC  aduaH  SOOrSOO  ohm 


'optional  impedance  available  on  special  order. 


TECHNICAL  DATA  FOR  BAND  PASS  FILTERS 

FOR  ±  71/2%  PASS  BAND 

1  Flat  within  3  db  over  pass  band 

2  21  db  at  ±  15%  of  center  freq. 

3  40  db  at  ±  22%  of  center  freq. 

4  Time  delay  over  the  pass  band,  constant  to  ± 
FOR  ±  15%  PASS  BAND 

1  Flat  to  3  db  over  pass  band 

2  Flat  to  23  db  at  ±  30%  of  center  freq. 

3  Flat  to  40  db  at  ±  44%  of  center  freq. 

4  Time  delay  over  pass  band  constant  to  ±  7% 


DfVlATlON  MOM 

n  MlOOtNCv’ 


CHANNEL  l-H. 


ALTERNATE 
T  CHANNELS 

ftfA-e  — 


EASTERN  DIVISION: 

10  PELHAM  PARKWAY.  PELHAM  MANOR.  NY.  PELHAM  8  5000 


PACIFIC  DIVISION. 

720  MISSION  STREET.  SOUTH  PASADENA.  CALIFORNIA  •  RYAN  1  2841 


PIONEERS  IN  TOROIDS,  FILTERS  AND  REUTED  NETWORKS 
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¥^M  '•*c^ 


Tell  US  about  your  application  and 
production  requirements.  We’ll 
supply  your  needs  from  our  com¬ 
plete  line — or  adapt  to  your  speci¬ 
fications— and  show  you  how  to  cut 
costs  and  speed  up  production! 

•  Miniature  Tubular  Terminals, 
Wire  Wrap  Terminals  and 
Contacts  for  Automated  Printed 
Circuit  Applications 

e  Solderless  Crimp-on  Terminals 

e  Line  Cord  Interlock  Terminals 

e  Automatic  terminal  inserting, 
crimping  and  staking  machines 

Contact  us  today.  Send  blue  print 
or  specifications  for  specific  infor¬ 
mation.  Request  bulletins  for  gen¬ 
eral  information. 


TOO!  mn4  OUSNUfACTUeiNG  CO. 

4023  W.  LAKE  ST.  •  CHICAGO  24,  ILL. 
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systems  and  components,  range  in¬ 
strumentation.  and  data  handling 
systems,  etc.  F.XRAB.WI’s  princi¬ 
pals  will  prcKlnce  sneli  items  in  their 
2,000  sq  ft  facilities  suhrented  from 
Consolidated  .\ircraft  I’rcKlncts  Co., 
next  door.  Bv  written  agreement 
P.AR.VB.AM  has  asailable  the  pro¬ 
duction  facilities  and  capabilities  of 
Consolidated  on  a  spiecific  job 
basis.  P.\R.\B.'\M  has  its  own  labs 
and  room  for  2  s  employees;  docs 
its  own  wiring  and  final  assembly. 


MEGACYCLE  METER 


0.1  Me  to  940.0  Me 


Philco  Promotes 
Hockeimer 

Xkw  man.sgi  r  of  the  field  engi¬ 
neering  department  of  Philco 
CoriKiration’s  Oovernment  and  In¬ 
dustrial  Disision  is  llenrv  F.  Hoc 
keinier  (picture),  lie  has  been 
with  Philco  since  19-17  and  has 
sersed  in  various  field  and  head- 
c|narters  assignments,  lie  |oined 
the  C  and  I  Division  in  19sl  as  a 
project  engineer  on  Philco’s  earh 
microwave  installations  and  has 
been  assistant  manager  of  field  en¬ 
gineering  since  1955. 


Corning  Glass 
To  Expand 

CoRM.Nc  Glass  Works,  Corning, 
\.  Y.,  will  build  a  new  jdant  at 
Bradford,  F’a.,  for  the  niannfactnre 
of  electronic  components.  I  lie  one- 
story  factory  will  have  H2,560  sq 
ft  of  floor  .space.  It  will  cinplov 
approximately  -150  people,  all  of 


MmM  S4-IF 
OtcMIotor 
100  KC-4.S  Me 


<9 

OtcilMar 
7.7  M<-410  Me 

Ma4M  S«— UHF 
OtcillalM 
420  Me -940  Me 


Writ*  (or  Bullalin 


Determines  resonant  fre¬ 
quency  of  tuned  circuits, 
antennas,  transmission 
lines,  by-pass  condens¬ 
ers,  chokes,  etc.  Mea- 
suresinductanceand 
capacitance.  Also  used  as 
a  signal  generator,  wave 
meter,  frequency  meter, 
and  in  many  other  ap¬ 
plications. 

This  compact,  light¬ 
weight  grid-dip  meter  is 
available  in  the  frequency 
ranges  indicated  _ 
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Men  on  the  Move 

Now  available 

in  a  new  edition  . , . 

with  new  figures. 

This  popular  booklet  points  up  the 
important  sales  problem  of  personnel 
turnover  in  industry.  Out  of  every 
1,000  key  men  (over  a  12-month  pe¬ 
riod)  343  new  faces  appear  ...  65 
change  titles  .  . .  157  shift  .  .  .  and  435 
stay  put.  These  figures  are  based  on 
average  mailing  address  changes  on  a 
list  of  over  a  million  paid  subscribers 
to  McGraw-Hill  magazines. 

Writ*  ut  (or  o  (roo  copy 

Company  Promotion  Department 

McGraw-Hill  Publishing  Co,,  Inc. 

330  West  42nd  Street, 

New  York  36,  New  York 
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wliom  will  bf  tniiisfcrrccl  from 
facilities  now  lc;isc<]  in  Bradford. 

(>ronnd  was  broken  recently  and 
the  plant  is  sebednled  to  1k'  m  op¬ 
eration  by  tlic  end  of  the  vear.  I  bis 
will  1k'  the  tenth  new  inanufactnr- 
ing  unit  to  have  lx;en  constrneted 
by  the  coinpanv  in  the  past  ten 


-I,  '»v 


Appoint  Miller 
Chief  Engineer 


Ross  I  .  .Mil  I  I  K  (pietme)  is  named 
chief  engineer  of  the  electronic  sys¬ 
tems  and  ec|iiipmcnt  element  of 
Nortronics.  I  law  thorne,  Calif.  1  he 
ap|M)mtment  follows  the  establish¬ 
ment  of  Nortronics  as  an  operat¬ 
ing  disision  of  Northrop  .\ircriff, 
Inc.,  and  the  formation  of  o]K.-.at- 
nig  elements  of  the  new  organi/a- 
tioii. 

Miller  is  known  tor  his  work  in 
the  field  of  militars  elt'ctronics.  lie 
placed  a  prominent  role  in  the 
dexelopment  of  a  siiceessfiil  inter¬ 
continental  gindanec  scstem  for  the 
Northrop  SM  62  Snark  missile. 


Navy  Honors 
Missile  Men 


I'oR  onisiANmvc;  contributions  to 
the  national  defense  in  the  fields  of 
scientific  research  and  development 
and  missile  guidance  technology, 
SIX  men  were  reeently  honored  by 
the  U.S.  Na\y. 

Recipient  of  the  nistingnished 
Pnhlie  Service  .\warcl,  the  Nasy’s 
highest  cicilian  award,  was  Roc  den 


at 

Monitor! 


Fully  tested  from  2  to 
2,000  CPS  vibration.  Accel¬ 
eration  of  15  to  30  G's. 
Frequency  range  16  to  100 
kc  —  typical  tolerance 
:t  .012%  from  -40  C 
to  -  70  C,  Lower  fre¬ 
quencies  down  to  400 
cycles  available  in  other 
Monitor  types  with  less 
rigid  requirements. 


Low  Frequency 
crystals  to 
meet  high 
vibration 
requirements 


Monitor’s  modern 
facilities  and  tech¬ 
niques  insures  the 
quality  of  all  units. 


Small  tize 
MC  I  3  U 


If  you  have  a  special  cryslal  problem, 
call,  wire  or  write. 

SEND  FOR  NEW  CATALOG! 


MONITOR  PRODUCTS  COMPANY 

815  Fremont  Ave  ,  South  Pasadena,  Ca1if« 

.Ncr..  RYon  1-1174 
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\  20th.  June  /  26th.  June 
PARIS 


SALON 
INTERNATIONAL 
DE  LA 
PIECE  DETACHEE 

Electronique 


INTERNATIONAL  EXHIBITION 
OF  ELECTRONIC  COMPONENTS 


The  largest  technical  display  * 
In  the  verld 

in  the  field  of  electronics. 


exhibition  park 

PORTE  DE  VERSAILLES 
PARIS  •  FRANCE 


For  all  enquiries,  apply  to  ; 

"Commissariat  General  du  Salon  de  la  Pi^ce  Detach^ 
23,  rue  de  LUbeck,  PARIS  16*  -  Telephone  :  PASsy  01-16 
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NEW  BOOKS 


Electrical  Measurements 
and  Their  Applications 

By  W'yliyk  C.  Micmi.s. 

I).  \’aii  N’osfraiicJ  Co.,  Iiic.,  \cw  York, 
1957.  322  p,  $6.73. 

I'liis  book  is  based  on  an  earlier 
text  entitled  ‘Wdvanced  Kleetrical 
Measurements”  by  \\  alter  C. 
Michaels,  which  initially  ap|KMred 
in  1932  and  again  snbseqnentiv  in 
1941. 

riic  book  is  in  two  parts;  the 
first  part,  comprising  nine  chap 
ters.  deals  with  fnndaniental  meas¬ 
urement  instrnnientation,  the  elec¬ 
trical  theory  underlying  the  basic 
design  of  the  instrmnent  and  the 
parameters  that  these  instrnnienta¬ 
tion  can  be  used  to  measure.  Ilie 
text  is  categori/.ed  so  that  instrn- 
meiits  to  be  treated  and  the  param¬ 
eters  to  be  measured  are  discussed 
in  order  of  ascending  frer|nency. 

Part  II  deals  with  the  applica¬ 
tion  of  the  basic  tcchnK|ne  of 
measurements  to  the  determination 
of  magnetic  and  nonelectrical 
parameters  inchiding  temperature, 
pressure,  force,  radiation  and  sound 
level. 


PKOmi  VIBRATIOH-nOOf  HOIDING 
AND  QUICK,  fOOl-PKOOf  RCUASl! 


APPROVED  UNDER  ARMY- NAVY  STANDARDS 


Here's  a  simple,  easy  means  of  securely 
fastening  assemblies  to  withstand  shock  or 
vibration,  and  yet  allow  quick  removal  for 
inspection  or  repair.  Instant  snap  action  en¬ 
gages  or  releases  fastener  ...  no  tools 
are  required!  After  installation,  fasteners 
never  need  adjustment  .  .  .  even  with  re¬ 
peated  use. 

Three  sizes  available  for  different  load 
requirements.  Large  and  medium  sizes  are 
made  of  corrosion-resistant  stainless  steel. 
Small  size  is  made  of  nickel-plated  brass. 
Stock  parts  fit  various  thicknesses  of  flanges 
and  mounting  plates  .  .  .  special  parts 
can  also  be  supplied. 


WKirt  FQiTIUU  DtTAtLi  tOD^YI 


COMPANY 


SIXTH  STREET  DAYTON.  OHIO 
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..your 


^  under  ideal 
conditions  at 


.\ctiial  F.iiiphasis— Hie  title  of  the 
b(M)k,  “I'dectrieal  .Measurements 
and  riieir  Applications”  is  some¬ 
what  misleading.  .\  eritie.il 
reading  of  the  text  indicates  that 
methods  and  tcchiiKpies  of  nie.is- 
urement  are  subordinated  to  a 
presentation  of  basic  mstrmnenta- 
tion  used  in  electrical  nieasiire- 
nients.  I  hiis,  while  most  of  the 
information  contained  in  the  text 
is  sound.  Ikcmiisc  of  the  eategor- 
i/ation  bv  instrmnent  (e.g.,  mill- 
ty|xr,  deflection  tvpe,  amplifier- 
t\|X',  many  basic  nieasnrement 
methods  arc  ignored;  hence  criti¬ 
cism  because  of  omission  or  mis¬ 
placed  emphasis  may  therefore  be 
justified. 

I  o  illustrate,  less  than  three  pages 
of  text  are  devoted  to  the  measure¬ 
ment  of  frec|ueney  throughout  the 
entire  spectrum  while  approxi- 
matelv  17  jrages  arc  desoted  to  the 
measurement  of  resistance  at  d-c. 
in  one  form  or  another.  I, ess  than 
one  page  of  text  is  devoted  to  the 
nieasnrement  of  resistivits  and 
dielectric  constant;  the  word  con- 
dnetisitv  is  not  even  indexed. 


Computer —  Controls — Components 
Design— Development— Manufacturing 

You  can  be  assured  of  ideal  working  conditions  at  well  located  Librascope.  Why? 
Because  of  the  physical  plant;  air-conditioned,  ultra-modern;  the  location:  at  the 
edge  of  the  foothills;  near  Los  Angeles,  Hollywood  and  the  pleasant  residential  family 
areas  of  Burbank,  Glendale,  Pasadena. 

A  company  with  highest  professional  and  technical  standards.  If  you  are  an  M.E.  or 
E.E.,  mathematician  or  physicist,  interested  in  Analog  or  Digital  Computers  •  Logical 
Design  •  Instrumentation  •  Servo  Mechanisms  •  Electro-mechanical  •  Systems 
•  Transistor  Applications  •  Controls  for  commercial  and  Military  Equipment,  you're 
invited  to  investigate  the  opportunities  at  Librascope  which  has  just  held  its  20th 
Anniversary -a  sound,  stable  organization  growmg  with  automation.  Write  Glen 
Seltzer,  Employment  Manager.  _________  I 


LIBRASCOPE  uses 
the  engineering 
project  team 
method. 


Write  today  for  thU 
intereeting  booklet 
about  Libraeeopt. 


LIBRASCOPE, 
INCORPORATED 
808  Western  Ave. 
Glendale,  Calif. 


IBRASCOPE 


May  9,  ?958  —  ELECTRONICS  engineering  edition 


Power  incasurcnicnts,  per  se,  are 
sinularly  given  only  cursory  treat¬ 
ment. 

Categorization  bv  instrumenta¬ 
tion  is  discarded  in  Chapters  S  and 
9,  and  the  author  randomlv  de- 
scrilKs  components  and  instrumen¬ 
tation  used  at  r-f  and  microwavr: 
frec|nencies.  I  here  resnits  a  far 
from  complete  picture  r)f  measure¬ 
ments  at  these  frcc|nencies.  It  is 
not  clear  whv  the  author  cIukiscs 
to  dexotc  four  pages  to  a  presenta¬ 
tion  of  the  impedance  character¬ 
istics  of  coaxial  cables,  vs  bile  at  the 
s.nne  time  clKMise-.  to  ignore  such 
fundamental  devices  as  calorim¬ 
eters.  freqnencv  standards  and 
spectrum  analyzers. 

Oimmereial  Instrnments-In  the 
pref.ice.  the  author  indicates  that 
“no  attempt  was  m.ide  to  describe 
and  ev  .dilate  all  of  the  commercial 
instruments  now  .ivail.ible  for  the 
laboratory.’’  W'hilc  this  ([iialifica- 
tion  is  necessarilv  true  for  most 
texts,  the  reader  is  apt  to  Ik  mis¬ 
led  bv  incomplete  descriptions  of 
the  jnstriinients  tha^  are  descrilx'd. 
IIiiis.  for  example,  no  mention  is 
made  of  the  attenuator  device  de¬ 
scribed  on  jxiges  97  through  99 
other  than  in  connection  with  its 
matching  properties.  Its  use  as  a 
level  set  device  or  its  application  in 
power  and  .ittcnnation  measiire- 
ments  is  not  indicated. 

.Mthongh  the  slottcxl-line  is  de- 
scmIhvI  in  C.'haptcr  9  in  connection 
with  the  measnrement  of  vswr 
and  im|K'dance.  no  mention  is 
made  of  the  use  of  the  slotted  line 
for  fret|nencv.  .ittcnnation  or 
O  factor  measurements. 

In  the  Oct.  19s''  PrfKcedmgs  of 
the  IRE.  ('..  B  lloadlev  points  out 
scver.il  mi'ileading  st.itements  aj)- 
pearmg  in  the  text.  Others  are  .is 
follows.  On  p  21s.  the  author  de¬ 
fines  a  slotted  line  as  “.  .  .  a  coaxi.il 
line  .  .  .  thus  inferring  that  .ill 
slotted  lines  are  coaxial.  On  p  219. 
he  infers  bv  the  sentence  “.  .  .  since 
the  inner  conductor  of  the  line 
must  Iw  supported  at  its  ends  bv 
dielectric  Iscads  .  .  that  all  co¬ 
axial  slotted  lines  must  be  sup 
porterl  bv  dielectric  be.ids  .it  both 
ends,  riiis,  of  course,  is  not  ncccs- 
sarilv  true.  I  he  criteria  for  ditfer- 
cntiatmg  between  transmission- 
tv|)e  and  reaction-type  wavemeters. 


HERE’S  REAL 
SEQUENCE  VERSATILITY 


.  .  .  backed  by  absolutely  positive  operation 


You  can  get  a  million  operating  sequences  from 
this  little  relay  . . .  including  a  lot  of  unusual  ones 
that  previously  required  much  more  complicated 
control  systems.  For  instance,  the  optional 
feature  of  contact  transfer  on  the  de-energizing 
stroke  of  the  armature  has  provided  simple,  low- 
cost  schemes  for  alternating  pump  and  com¬ 
pressor  operations.  In  addition,  of  course, 
Struthers-Dunn  211  Relays  find  wide  use  in 
automatic  process  and  machine  tool  control, 
trallic  control,  door  and  window  openers  and 
the  like. 

Heavy  flexing  contacts  arc  DP,  ST  or  DT, 
rated  5  amperes  at  115  AC. 

SEND  FOR  DATA  BULLETIN  5211  for 
complete  details. 


HAVE  YOU  READ  RELAY  ENGINEERING? 

Struthers-Dunn's  famous,  640-page 
RELAY  ENGINEERING  HANDBOOK  is 
a  comprehensive  guide  to  relay  selec¬ 
tion,  circuits,  auxiliary  equipment  and 
maintenance.  Over  20,000  copies  in 
use.  Price  $5.00  per  copy. 


STRUTHERS-DUINN,  Ixic. 

Pitman,  N.  J. 


5,348  Relay  Types  .  .  .  WORLD’S  MOST  COMPLETE  LINE 
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WHITNEY.JENSEN 
Nos.  31/32/33/34 
DEEP  THROAT  LEVER  PRESSES 


Trans  Klectronics,  Inc. 


described  on  p  227,  are  not  those 
generally  considered  and  are  some¬ 
what  vague. 

Undergraduate  T’extlx)ok— Incom¬ 
plete  as  the  text  is,  augmented  by 
good  instruction,  “F.lcctrical  Meas¬ 
urements  and  Their  .\pplications”, 
should  prose  a  useful  one  for  a 
first  undergraduate  course  in  elee- 
trieal  measurements.  Its  treatment 
of  such  instrumentation  as  gal- 
voiiometers.  \oltmet  is  .iiicl  am¬ 
meters,  is  quite  complete  .\n  ex 
cellent  feature  of  the  b  nik  is  that 
it  is  liberally  supplemented  by  a 
series  of  oser  40  l.iborators  cxpeii- 
ments,  created  around  the  text  ma¬ 
terial  presented.  I  he  experiments 
themsclscs  arc  well  written  and  pro- 
side  a  nucleus  for  a  giKKl  first 
electrical  measurement  laboratory 
course. 

Part  M  of  tJie  te’xt  uinqui'-es  an 
excellent  portion  of  the  book  and 
is  iinaluable  in  gising  the  student 
reader  an  insight  into  electrical 
measiireinents  with  which  he  ordi¬ 
narily  is  not  familiar.  I  his  latter 
portion  of  the  book  is  quite  miKlcrn 
and  includes  relativelv  new  ma¬ 
terial.  as  evidenced  bv  some  of  the 
more  recent  references. — Moi 
\\’iM>.  Chief  Applications  Fiigi- 
ncer.  Polytechnic  Hesanch  ('"*  l\ 
vcloprnciit  Co.,  Inc,,  Pronklvn,  \.Y. 
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MANUFACTURERS 


power  luppff'es  •  4tmico/ic/ucfor  ttst  eQu/pme^tr 


SUPPLIES 


New  -002,"  2750  v/m 
pressure-sensitive  tape 
tor  500°  F  operation 

New  TEMP-R-TAPE  C,  Teflon*  film 
with  pressure-sensitive,  thermal  curingr 
silicone  adhesive  is  only  .002*  thick  over¬ 
all,  has  2750  v/m  dielectric  strength, 
-lOO’F  to  500°F  (-70'C  to  260°C) 
temperature  range.  Easy-to-apply,  it 
presses  in  place  on  any  surface  and 
can  be  cured  to  form  permanent  bond. 
Send  for  data  on  TEMP-R-TAPE  C 
and  CHR’s  other  extreme  temperature 

tapes.  •duPont  TM. 


Transistor  or  Hard  Tube 


Voltage 
regulated 
or  current 
regulated 


Regulated 

or 

Unregulated 


Modular  for  easy 
substitution 
Floating  output 
For  bench  or  rack  use 
Barrier  type 
terminal  strip 
For  breadboard  or 
original  equipment 
60-400  cycle  operation 


MODEL  RS410A 


407  East  St.,  New  Haven  I,  Conn.  SFroco  7-3031 
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RS410A 
400-550  VDC 
at  0-100  MA 


Elektronenrohren 


Rack  mounted  $125.00 
Rack  mounted  with  J 
meters  $160.00  M 


(Electron  Tubes) 

By  M.  .1.  O.  Strutt 
Sprhiyer-Verlag,  fierlin, 
p.  DM  58.50. 


This  brnik  rcpicscnti  a  thoroiighlv 
icviscd  third  edition  of  Dr.  Strutt’s 
Ciirlicr  work  “Modern  Multi-Grid 
Klcctron  l  ubes”  whose  second  edi¬ 
tion  appeared  in  l^^dO.  The  present 
work  coxers  a  wide  variety  of  tube 
t\|xs  with  the  e.xeeptioii  of  micro¬ 
wave  tubes,  including,  howexer, 
semieoiuhictors  and  transistors. 

Three  major  divisions  eoxer  elee- 
tiophysical  and  teehnieal  fnnda 
mentals:  electron  interaction  xvith 
the  electromagnetic  field;  data  and 
characteristics  of  typical  examples 
of  electron  tiilws. 

The  first  section  presents  a  brief 
blit  thorough  rex  iexv  of  the  physical 
nature  of  the  electron  and  the  elec 
tronic  nature  of  metals,  insulators 
and  semiconductors.  Klcctron  eniis- 


*Svpp/fes  with  oth^r  rongts 
or  modt^coUons  of  fhis  vnif 
olso  ovoifobfe. 

SPECIFICATIONS: 

Filament  Output:  6.3  volts  CT  AC 
A]  8  amperes  (unregulated). 

Current  Range:  0-100  milliamperes, 
continuous  duty;  floating  output. 

Ripple  and  Noise:  7  millivolts 
peak-to-peak  maiimum. 

‘DC  Veltage  Range: 

400-550  volts,  continuously  adjustable. 
Recovery  Time:  Less  than  25 
microseconds. 

Input  Voltage:  105-125  volts. 

60-400  cps,  AC. 

internal  Impedance:  Less  than  1  ohm. 
Load  Regulation:  0.1% 

Line  Regulation:  0.1% 

Dimensions: 

7V*"x  5Vj"»  6Vi"  height  overall 

Note  We  welcome  oppofiunit/es 
to  discuii  your  tpectol 
power  iupply  reqviremenff . 


Wrif*  for  BIG  NEW  CATALOG 
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sion  is  reviewed  including  tlienn- 
innic.  pliohK-lectric  and  secondar)’, 
and  field  emission.  A  snnnnary  of 
electromagnetic  theors’  is  presented 
inelnding  field  plotting  by  relax¬ 
ation  methods  and  by  eleetrolytie 
tank  plots.  'Hie  final  chapter  in  this 
section  eollects  a  good  deal  of  nsc- 
fnl  and  very  practical  information 
on  material  and  constriiction  teeh- 
mcpies  inelnding  interesting  detail 
on  grid  eonstriiction  and  glassing 
tcchniipies. 

Tnlx-  'I'yiK’s-'llie  seeond  divi- 
(,  sion  contains  a  comprehensive 

aiiabtieal  treatment  of  the  major 
tube  tv|)cs.  riiesc-  are  ditKles.  with 
.  high  v.icmim  and  seinieondiK  tir 

ty|xrs,  triodes,  including  transistors 
and  multigrid  tulKs.  CatluKle- 
ra\  tubes  are  discussed  after  a 
section  on  electron  optics.  1  he  fin.il 
ch.ipter  in  this  section  treats  the 
noise  generation  in  tubes  and  stnni- 
conductors. 

riie  last  division  presents  the 
char.icteristics  of  several  typical 
tiilxs.  triodes,  iKiitcxlcs,  thvratrons. 
transistors,  etc.  K.ich  of  these  is 
shosMi  as  an  application  of  the 
aiialvsis  of  the  earlier  sections.  I  he 
interest  is  centered  on  the  tube-  jxr- 
formance  and  the  circuit  applica¬ 
tions  are  esseiitiallv  ignored. 

I  he  format  and  t\pogra|)h\  are 
on  the  high  level  characteristic  of 
the  Springer A'crlag  technical  pub 
heations. 

riie  tiilx-  engineer  will  find  this 
IxKik  a  iniiie  of  useful  information 
and  the  eireiiit  engineer,  t(Mi,  iiiav 
find  it  interesting. — M.  Iviiiv- 
lu  RC,  SfXTrv  Ctyroseope  Co.  /)iv.  of 
Spern-  Hand  Cnrp.,  C^reaf  .Veek. 
\.  V. 
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and  \bstracts  on  I'.leetrical  Catii- 
taets.  .\incrican  Sexiety  for  I  estiiig 
.Materials.  1016  Race  Street.  I’hila 
delpliia.  Pa..  10",  44  p,  SI. 7s 
(paper).  I.atcst  supplement  to 
lOsZ  edition 

Introduction  to  Operations  Keseareli. 
By  C.  W.  Chnrelnnan,  R  L.  .\ck- 
off  and  F.  I,,  .\rnoff,  lolin  W’ilev 
&  Sons,  Inc.,  New  ^'ork,  10", 
64S  p,  SIZ.OO.  Introduction  to 
operations  research  based  on  lec¬ 
tures  presented  at  Case  Institute 
of  'Icchnology. 
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This  picture  of  NOISE  pro¬ 
vides  a  simple  rapid  means 
of  locating  the  most  offen¬ 
sive  spectral  regions . . . 


THE  ANSWERS 
TO  YOUR  NOISE 
&  VIBRATION 
ANALYSIS  * 

PROBLEMS 

quickly,  accurately  with 


It  It  what  you  on  tha  teraan  of  Panoramic’s  Sank 
Spactmm  Analyaar.  Model  LP'la.  Utad  in  canjunction 
with  a  standard  tound-laval  matar.  It  automatically  dit- 
clays  tha  fraouaney  vs.  amaiituda  distribution  san«ad 
by  a  mlcrophona  or  othar  suitable  transducer. 

Whan  modifications  are  triad,  improvamant  factors  can 
^  readily  be  saan.  By  waifhtinf  (FMchar-Munson  curvasi 

tha  overall  docibal  noise  level,  tha  vertical  dellactions 
become  a  mea>uia  of  loudness  in  the  psychoiofical  sense 
Tha  LP«ia  analyaae  the  20  cps>22.SOO  cps  spectrum  on 
hifhly  reselvad  variable  linear  scans  and  40  cps*20,000 
cps  on  tha  broadband  lof  sweep  Ishown).  40  db  lop 
and  linear  vertical  scales  are  provided. 

Write,  wire,  phene  TODAY  for  Technicol 
Sul/efin  giving  feff  information. 

P^NOR^MIC 


INSTRUMENTS 


Sand  for  our  new  CATALOG  DIGEST  and 
otk  to  bo  put  on  tha  moilng  lilt  for 
Tha  PANORAMIC  ANALYZER  faoturing 
application  data. 
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offers  SENIOR  ENGINEERS 


Interesting  Engineering  Positions  in 


Please  send  your  resume  to  \V  C.  Walker  or  fill  in  the  cottpon 
aud  mail  it  today. 


W.  C.  Walker,  Engineering  Employment  Mgr.,  Pacific  Division, 

Bendix  Aviation  Corporation,  11600  Sherman  Way,  North  Hollywood,  California 
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Advantages  of 
Air  Gap  vs.  Toroidal 
Construction  in 
Pulse  Transformers 


As  pointed  out  in  previous  Pulse  Notes,  a 
pulse  transformer  wound  on  a  core  with  an 
accurately  controlled  air  gap  performs  more 
satisfactorily  in  some  applications  than  one 
wound  on  a  toroidal  (gapless)  core. 


Consider  for  a  moment  the  two  B-H  loops  in 
Figure  1.  The  loop  shown  in  solid  lines  is  for 
a  toroidal  sample  of  a  typical  magnetic  mate¬ 
rial  used  in  pulse  transformers.  The  dashed 
loop  is  for  the  same  material  with  an  air  gap 
included  in  the  magnetic  circuit.  In  the  case 
of  the  toroid,  removing  the  pulse  magnetiz¬ 
ing  force  causes  the  core  flux  to  return  to 
the  value  Br,*.  On  the  next  pulse  the  total 
flux  swing  possible  is  AB,. 

The  gapped  core,  on  the  other  hand,  returns 
to  Br,  which  allows  the  much  greater  flux 
swing  AB,.  Consideration  of  the  voltage¬ 
time  integral,  ET  =  NA  (  dB,  indicates  that  a 
pulse  transformer  wound  on  the  gapped  core 
passes  a  pulse  of  greater  area  without  core 
saturation  than  one  wound  on  the  gapless  or 
toroidal  core. 

*This  discussion  is  valid  only  for  cases  in  which 
no  reverse  (resetting)  current  flows  in  any  of  the 
transformer  windings 

For  further  technical  information  including 
diagrams,  specifications,  and  schematic 
applications  of  pulse  transformers,  write  for 
your  free  copy  of  our  new  12-page  catalog. 
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COMMENT 

Radai  History 

The  article  “BehiiKl  the  Blair 
Patent”  (Xov.  20,  ’s7.  p  21)  tells 
of  the  recent  granting  of  a  patent 
on  pnlse-echo  radar  to  retired  Col¬ 
onel  \\  illiain  R.  Blair.  .\  couple 
of  remarks  |xrtinent  to  the  stors- 
ina\  lx-  in  order. 

Col.  Blair’s  patent  deserilxs  an 
earh  tv|x  radar  known  as  SCR-26S. 
Pictures  of  it,  and  a  description, 
can  he  found  in  F.i.i  c:  i  ronics. 
Sept.  ’-Is,  as  well  as  in  \'ol.  1,  pp 
20v-f  of  the  Radiation  I.aboratorv 
Series.  The  SCR-26S  employs  three 
antennae  and  its  operation  is  based 
on  the  well-known  lolx-switch- 
ing  and  pi|>-matehing  teehnic|ne. 
Due  to  the  shorteomings  of  this 
teehnicjue,  this  radar  was  replaeed 
b\  the  mierowaxe  radars,  the  first 
and  most  w  idely  iiscxl  of  which  was 
SCR-vS4.  I’he  work  on  this  radar 
began  in  MIT’s  R.idiation  I.ab  in 
Januar)-,  19-41.  It  was  dcscribtxl  in 
detail  in  I'.i  re:  i  ronics,  Nov.  ’4s, 
Dec.  ’4  s  and  I  cb.  ’46. 

Die  ojxration  of  SCR  sS4  con¬ 
sists.  in  the  essence,  in  actuating 
the  sweep  of  a  scope  at  the  mo¬ 
ment  corresponding  to  the  leading 
edge  of  the  rectangular  en\elo|x  eif 
each  transmitted  pulse,  and  in  de¬ 
termining  the  time  lag  from  the 
jsosition  of  the  leading  edge  of  the 
rectangular  en\  elo|x  of  the  receiv  ed 
rectified  pulse. 

It  wonkl  be  of  interest  to  point 
out  that  the  radar  circuit  which 
makes  use  of  two  rectangular 
pulses  was  first  descrilxd  in  patent 
2,404, s27.  granted  to  C.  Pota- 
]xnko  of  California  Institute  of 
Tcchnologx'.  Iliis  patent,  F.lectric 
Distance  Meter,  had  been  applied 
I  for  on  May  2.  19^9;  it  was  kept  in 
I  the  government  files  under  secrecy 
order  until  the  cikI  of  the  war  and 
I  issucxl  on  |nlv  2T  1946. 

'Die  official  statement  of  .\rmy 
I  Signal  F.ngincering  I,ab  calls  Blair’s 
I  patent  basic  for  the  pulse-echo 
j  method.  It  max  be  mentioned  that 
!  the  pnlsc-ccho  method  had  been 
I  descrilxd  in  1926  bv  G.  Breit  and 
M.  Tuxe  of  the  Carnegie  Insti¬ 
tution.  W'ashington,  D.  C.,  in 
Physical  RtTiexv,  V'ol.  28.  p  s()4. 

I  have  no  intention  to  under¬ 
mine  the  crexlit  due  to  Col.  Blair 
for  his  “pip-matching”  SCR-268. 
but  bclicxc  the  record  will  be  made 


a  bit  more  clear  when  the  facts 
mentioned  arc  taken  into  consider¬ 
ation.  1  assume  Prof.  Potapenko’s 
name  is  not  unknown  to  re.iders. 
Ilis  picture  ap|xared  on  the  cover 
of  F,i.i;ci  RONICS.  Nov.  'ss,  in  con¬ 
nection  with  his  work  on  centi¬ 
meter  waxes.  He  looks  different 
now,  blit  this  cannot  be  helped. 

I  '.  .\.  U 1 1  CM  r 
Foi  XX  iDi  R,  Mai  i  inci.y  &  I  Ion  i  i  i:y 
I.ONC.  BkXCII,  CaI  II  . 

Reader  Utecht’s  analysis  is  most 
interesting,  and  Prof.  Potajxiiko’s 
jiatent,  in  the  light  of  everything 
that’s  liap]xned  in  the  inicTowaxe 
field  since  1949,  provided  us  with 
a  fascinating  evening’s  reading. 

Shutter  Timer 

In  vonr  article  “Timer  Sliiitter 
CR  I  for  Single  I’rame  Photos” 
(,\pr.  11.  p  S4)  von  mention  timers 
using  complicated  digital  tx|x 
counters  for  triggering  the  single 
frame  picture  “on”  for  the  proper 
duration. 

I  wish  to  bring  to  xour  attention 
to  a  similar  device  which  was  built 
several  vears  back  for  gating  one 
frame  of  a  television  receiver  for 
photographic  purposes.  .Mthoiigh 
the  particular  tv  system  used  40 
frames  |xr  second,  the  gating  prob¬ 
lem  was  the  same.  It  was  solved  bv 
using  a  rclatixelx  simple  analog 
counter  operating  off  the  vertical 
scanning  frequenev  to  constantiv 
control  the  ert  gating  pulse  width. 

This  device  was  descrilxxl  in 
Fi  i:c  I  RONICS.  Mar.  ’sO  in  an  article 
titled  “Single-Frame  T\'  Photog¬ 
raphy”  bv  Maurice  Distcl  and  .\llan 
Gross. 

Mai'rici:  Dish. I. 
U.S.  .\rmy  Sicnai.  F.nc.i- 

M  I  RINC.  I.AIIORATORII  S 

Bi  imar,  N.  |. 

.\nd  while  we’re  on  the  subject 
of  our  .\pr.  1 1  issue:  a  coiqile  of 
readers  have  asked  if  we  supjrlv 
inverting  magnifiers  for  the  jiicture 
of  the  pulse  analyzer,  prorluct  of 
Technical  Measurement  ('orp.,  that 
ap|xars  on  p  14s  of  that  issue. 
Sixins  the  picture  shows  the  ana¬ 
lyzer  standing  on  its  head.  M'c 
checked  and  discovered  that  onr 
coin|K)sing  room  jxople  were  doing 
headstands  when  that  page  was 
made  u|).  They  have  been  in- 
stnicted  to  desist  from  such  nn- 
secnilv  springtime  revelry. 
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ill  I  ill'" 

N  G  I  N  E  E  R  S 


EMPLOYMENT  OPPORTUNITIES 


Qeneral  'Electric 

Tlnnomces  Opportunities 
in  'Area  oj 

BALIISTIC  MISSILE 
DEFENSE  ENVIRONMENTS 

‘Diversify  0/ positions  Include  E)&'E)  on  £ong-!^an^e  Surveillance  ^ahr 

These  openings  are  with  the  Heavy  Military'  Electronic  Equipment 
Department  of  G.  E.,  designer  and  producer  of  what  are  believed  to 
be  the  most  powerful  long-range  radar  detection  systems  in  the  world. 

Current  programs  ini>olve  work  on  still  more  advanced  systems 
—  among  them  Ballistic  Missile  Early  Warning  Surveillance  and 
other  super  radar  systems  to  detect  ICBMs  as  they  rise  over  the 
horizon  at  distances  up  to  several  thousands  of  miles. 

No  technical  area  makes  greater  demands  on  the  scientific  skills 
and  creative  imagination  of  the  engineer  than  Ballistic  Missile 
Defense  Environments. 


Openings  fjir 
engineers  with  k-lO. 
or  more,  years’ 
experience  in: 

STSTIMt 


Radar  Syttams 
Davalopmant 

Syttams  Analysis 
Data  Analysis 

Elactronic 

Countarmaasuras 

Systems 

Computer  Programmers 


Openings  engineers  with 
degree  and  2  or  more  years’ 
experience  in: 

Antenna  A  RF  Components 

UHF  A  M/Wave  Receiver  DevelepmRItt 

Video  Display 

Analog  Techniques 
Transistor  Circuitry 

Computer  Applications 
Data  Processing 

Digital  Techniques 
Logical  Circuitry  Design 

Electronic  Packaging 


Qualified  enjtinetTs  will  be  invitwl  to  visit  the  Heavy  Military  Electronic  Equip¬ 
ment  Department  and  judfirc  at  first  hand  the  unusual  opportunities  offered  for 
professional  growth — and  the  excellent  living  conditions  in-and-around  Syracuse, 
New  York.  Please  write  in  confidence  to:  Mr.  George  B.  Callender,  Div.  27\VU 


HEAVY  MILITARY  ELECTRONIC  EQUIPMENT  DEPT. 


GENERAL^  ELECTRIC 

Court  Street,  Syracuse,  New  York 
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EMPLOYMENT  OPPORTUNITIES 


MISSILES 


•  .  .  and  there's  big  opportunity 
at  BENDIX  — prime  contractor 
for  the  TALOS  MISSILE 


If  you  have  the  qualifications,  you 
can  build  yourself  an  enviable  en¬ 
gineering  career  with  Bcndix — and 
enjoy  living  in  one  of  America’s  fine 
residential  and  recreational  areas. 

Bendix  Missiles  has  opportunities 
now  for  engineers  of  exceptional 
ability.  You’ll  be  in  the  technical 
forefront  of  your  profession  at 
Bendix,  working  with  men  who  have 
sparked  some  of  the  most  important 
technological  achievements  of  our 


time.  You’ll  have  the  use  of  facilities 
and  equipment  that  are  unmatched. 

You’ll  enjoy  a  pleasant  four- 
season  climate,  have  excellent  edu¬ 
cational  facilities  available  to  you 
and  your  family,  and  have  easy 
access  to  Chicago.  Most  of  all,  you’ll 
find  satisfaction  in  doing  important 
work  alongside  men  who  are  profes¬ 
sional  engineers.  Mail  the  coupon 
today  for  a  copy  of  “Opportunities 
Abound  at  Bendix  Missiles’’. 


B«ndlH  ProducH  DIvttlon— 

403S  So.  B«i(*r  St.,  Mishawaka,  Ind. 

Gentlemen:  I  would  like  more  Information  concernini  opportunities  in  luided 
missiles.  Please  send  me  the  booklet  "Opportunities  Abound  at  Bendii 
Missiles.” 


PHOENIX 

N 

I 

X 

At  the  cross  roods  of 
opportunity  for  men 
in  Electronics 

GOODYEAR 

AIRCRAFT 

CORPORATION 

ELECTRONIC  LABORATORY 

Arizona  Division 
Litchfield  Park,  Arizona 

A  Subsidiary  of  the 

GOODYEAR  TIRE  &  RUBBER  CO 

ENGINEERS 

IMMEDIATE  OPENINGS 
ELECTRONIC  PACKAGING 
RELIABILITY 
CIRCUITRY 
TEST  EQUIPMENT 
ELECTRO  MECHANICAL 
COOLING  SPECIALIST 

Leisure  Living  At  Its  Best 
''In  the  Valley  of  the  Sun" 

Modern  Inexpensive  Housing 

Send  resume  to:  A.  E.  Manning 

Engineering  and  Scientific  Personnel 

GOODYEAR  AIRCRAFT 

LITCHFIELD  PARK 
PHOENIX,  ARIZONA 

Similar  opportunities  available  in 
our 

Akron,  Ohio  Laboratory 
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Engineers  •  Physicists  •  Mathematicians 


Vf  e  recognize 
that  an  overly 
formalized  organization  — 
'"■ith  inflexible  channels  of  protocol 
—can  quench  the  professional  enthusiasm  of 
even  the  most  able  engineers  and  scientists. 

^  company  must  offer  its  men  a  suitable  environment  in  which 
to  exercise  their  innate  talents. 

Here  at  Sylvania  we  believe  we  offer  this  kind  of  opportunity.  Added  to  this  are 
assignments  that  provide  incentive  for  your  best  thinking. 

Our  projects  include  R  &  D  on  a  diversity  of  electronic  systems  and 
equipment.  Two  major  programs  are  PLATO  — the  anti-missile  mis- 
sile,  for  which  Sylvania  is  Weapons  Systems  Manager  — and  a 
multi-million  dollar  subcontract  for  the  development  of  a 
super-radar  system  to  detect  ICBMs. 


Opportunities  are  now  open  to  work  in  advanced  areas 
with  Sylvania.  Your  inquiries  will  be  welcomed. 


Sr.  Reliability  Engineer;  Act 
as  consultant  on  reliabil¬ 
ity  problems  (components 
and  equipment).  Estab¬ 
lish  specifications.  Set  up 
procedures. 

Missile  System  Analysis 
Group  Leaders:  Radar  and 
antenna  system  prelim¬ 
inary  desifrn. 

Missile  System  Development 
Group  Leaders:  Low  noise 
receivers,  pulse  transmit¬ 
ters,  broad  band  tech¬ 
niques,  antenna  arrays, 
phase  measurement  and 
other  instrumentation. 

Sr.  Transistor  Engineers.- 
Circuitry,  systems,  and 
hardware. 


Research  Engineers:  New 
systems  techniques  t  ap¬ 
plications  in  operations 
research,  analysis  &  ap¬ 
plied  physics. 

Sr.  Project  Engineers:  Eval¬ 
uate  project  require¬ 
ments;  determine  respon¬ 
sibility;  schedules;  bud¬ 
gets;  technical  negotia¬ 
tions  with  customer. 


Sr.  Microwave  Engineer: 

Development  of  crystal 
mixers,  detectors,  filters, 
transmission  line  coup¬ 
lers,  harmonic  generators 
and  special  transmission 
circuits. 


Send  your  resume  to 
Erling  Mostue 


/Nf#rtt>tr  oieel  r#/«cafion 
txpen»e$  pitid  by  Sylvania. 
Inquirita  «ri7(  ha  an$u*rad 
UM'rAiN  fico  wttka.  Cani'tn^ 
iant  Saturday  intarviawy 
arranged. 


Sr.  Aerodynamicist;  Perform 
theoretical  studies  in  mis¬ 
sile  aerodynamics,  boun¬ 
dary  layer  heat  transfer, 
missile  kinematics,  aero- 
elasticity. 


Sr.  Computer  Engineers; 
Transistorized  digital  de¬ 
sign,  magnetic  core  mem¬ 
ory  and  input-output 
systems.  Experience  re¬ 
quired  in  digital  compu¬ 
tation  ti  data  processing, 
prototype  design , systems 
&  evaluation  testing. 


Sr.  Mechanical  Engineers: 

Design  and  packaging 
airborne  and  ground  elec¬ 
tronic  and  electromechan¬ 
ical  equipment.  5-10  years 
pertinent  exp.  required. 


WALTHAM  LABORATORIES 

ELECTRONIC  SYSTEMS  DIVISION 


r SYLVANIA  T 


SYLVANIA  electric  PRODUCTS  INC 
100  First  Ave.,  Waltham,  Mass. 


r* 
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EMPLOYMENT  OPPORTUNITIES 


Engineers  and  scientists... 
grow  with  Stromberg- Carlson 

Fast-growing  division  of  General  Dynamics 


SC 


STROM  BERC-CARLSON 


A  eiVISION  OP  CCNIDAL  D> 

1461  N.  GOODMAN  STREET 


lAMICS  COA^OMATION 

ROCHESTER  3.  N.  Y. 


GO 


Electronic  and  communication  products  for  home,  industry  and  defense 


If  you  qualify,  we  can  offer  you  challeng¬ 
ing,  important  assignments  in  some  of  to¬ 
day’s  most  fascinating  areas  of  electronics. 

Many  openings  are  senior  positions,  in¬ 
cluding  opportunities  for  group  leaders 
and  .section  heads.  We’re  particularly  in¬ 
terested  in  men  with  substantial  experi¬ 
ence  in  solid  .state  circuitry  for  applica- 
tioas  in  the  most  advanced  state  of  the  art. 

Our  business  is  well  balanced  between 
commercial  and  military  products.  To  you 
this  means  stability  as  well  as  rapid 
growth  with  the  company. 

These  are  some  of  the  areas  where  you 
may  find  your  greatest  challenge: 

•  Missile  Electronics 

•  Air  Traffic  Control 

•  Telecommunications 

•  Automatic  Test  Equipment 

•  Countermeasures 

•  Nucleonics 

•  Electroacoustics 

You  would  be  Ux-ated  in  Rcxhester, 
N.  Y.,  a  beautiful  progres.sive  city  in  the 
heart  of  the  Upstate  vacationland.  Invig¬ 
orating  four-.sea.son  climate;  {*ducational, 
recreational  and  cultural  facilities  unsur- 
pa.s.sed  anywhere  in  the  U.  S. 

To  arrange  for  a  personal  interview, 
.send  a  complete  rt^ume  now  to: 

Fred  E.  Lee,  Mgr.  of  Technical  Personnel. 


RECONNAISSANCE 

' 

TECHNICAL 

and 

! 

WRITER 

DATA  PROCESSING 

programs  at 

We  need 

a  skilled  writer  to 

The  Ramo -Wooldridge  Corporation 

manage  all  phases  of  techni* 

have  created  the  following  new  openings: 

cal  writing  in  rapidly-growing  . 

electronics  company.  Must 

Display  Development.  EE,  ME,  or  psychology  background 

have  solid  engineering  back- 

with  experience  in  creative  development  of  large-scale  infor- 

ground  and  proven  experience 

mation  displays. 

1  in  advertising,  promotion,  tech- 

Optical  Design.  Significant  experience  in  high-acuity  optics. 

nical  reports,  and  instruction 

Console  Design.  Creative  experience  in  design  of  operating 

books.  Patent  disclosure  ex- 

consoles  utilizing  electronic,  mechanical,  and  optical 

perience  helpful  but  not  essen- 

techniques. 

tial.  Salary  range:  $10,000  up. 

Wire  Communications.  Senior  design  experience  in  teletype. 

Please  send  complete  resume 

i 

associated  switchgear,  message  centers.  Knowledge  of  inven- 

to: 

tory  and  terminal  equipment  desirable. 

1  Elton  T.  Barrett,  Pres. 

Please  address  inquiries  to  Mr.  W.  J.  Coster  at 

The  Ramo-Wooldridge  Corporation 

CGS  laboratories,  Inc. 

Ridgefield,  Connecticut 

P.  0.  Box  45215,  Airport  Station  •  Los  Angeles  45,  California 
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ELECTRONIC 

ENGINEERS 


needed  at 


MARTIN 


New  long-term  develop¬ 
ments  at  Martin  in  the 
field  of  electronics  have 
created  exceptional  op¬ 
portunities  for  top  elec¬ 
tronic  engineers.  At  least 
5  years  experience  re¬ 
quired.  Salaries  from 
$9,000  to  $12,000. 

Openings 
in  these  areas: 

•  Circuit  Design 

•  Systems 

•  Inertial  Guidance 

•  Countermeasures 

•  Digital  Computers 

•  Test  p]quipment  Design 


WRITE  TO: 

William  Spangler,  Manager 
Professional  Employment 
The  Martin  Company 
Baltimore  3,  Md. 


MARTIN 

BALTIMORE 


RCA— leader  in  military  electronics  — 
now  needs  imaginative  engineers  for 


Scientlst.s  and  engineers  have  probed,  and  the  mysterious  world  of  electronics 
has  steadily  yielded  rich  rewards.  But  the  mas.sive  door  to  electronic  won¬ 
ders  is  only  slightly  ajar.  The  greatest  discoveries  still  lie  ahead! 

In  the  field  of  national  defense,  Project  "X”  takes  many  forms  at  RCA.  It 
might  be  found  in  airborne  electronics,  surface  communications,  mis.sile 
weapons  systems,  radar,  ballistic  mis.sile  detection  .sy.stems.  Or,  it  might  be 
something  entirely  new  in  concept— something  vital  to  the  defense  of  the 
free  world. 

We  are  interested  in  talking  with  all  experienced  engineers  and  engineering 
managers  who  can  contribute  to  this  important  work. 

Attractive  salaries  .  .  .  Desirable  locations  .  .  .  Liberal  benefits 


TO  ARRANGE  INTERVIEW  WITH  ENGINEERING  MANAGEMENT, 
SIMPLY  CALL  COLLECT  OR  SEND  RESUME 


AT  CAMOIN,  N.J. 

—  in  Creator  PltilaHclphia  near  many 
suburban  eommunitiut 

•  AVIATION  ELECTRONICS 

•  COMMUNICATIONS  AND  MILITARY  TV 

•  SPECIAL  DEVELOPMENT  STUDIES 

AT  TUCSON,  ARIZ. 

— haatrhful,  wuttum  climata 

•  COMMUNICATIONS  SYSTEMS 
APPLICATIONS 

TO  C.  B  GORDON,  RCA,  DfPT.  X-2E 
HOC.  101,  CAMDEN  3,  N.J. 

WOOOIAWN  0.3300 


AT  WIST  LOS  ANGILiS,  CALIF. 

— idual  Wu,t  Coast  locotion 

•  AIRBORNE  RADAR 

•  COUNTERMEASURES 

•  MISSILE  GUIDANCE  EQUIPMENT 

•  SYSTEMS  PLANNING 

TO.  MR  R.  W.  STEPHENS,  RCA,  DEPT  X-2E 
II8I9  W  01 YMPIC  at VD.,  lOS  ANGEtES  64,  CAIIF. 


AT  NEW  YORK,  N.Y. 

— cuntur  of  cosmopolitan  living 
•  COMMUNICATIONS  SYSTEMS  ENGINEERING 

TO  MR  E.  BAGGEH,  RCA,  DEPT  X-2E 
75  VARICK  ST..  N.Y.  13,  N.Y.— CANAL  6-4080 


AT  MOORESTOWN,  N.J. 

— modern  engineering  facility  dose  to  Philadelphia 

•  ICBM  DETECTION  SYSTEMS 

•  MISSILE  GUIDANCE  SYSTEMS 

•  SURFACE  RADAR  SYSTEMS 

AT  WHITE  SANDS,  N.M. 

— key  locotion  in  natiofTs  missile  testing  program 

•  SYSTEMS  ANALYSIS  AND  EVALUATION 

•  RADAR  SYSTEMS 

•  LAUNCHING  SYSTEMS 

TO.  MR  W.  J.  HENRY,  RCA,  DEPT  X-2E 
MOORESTOWN,  N.3.— BEIMONT  5-5000 


21 

I  f 
i 


RADIO  CORPORATION  of  AMERICA 

DEFENSE  ELECTRONIC  PRODUCTS 
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EMPLOYMENT  OPPORTUNITIES 


t 


AERONAUTICAL  ENGINEERS 


Aircraft  Instrumentation  Specialist, 
M.S.  with  experience  or  Ph.  D.  in  Elec¬ 
trical  or  Aeronautical  Engineering. 
Background  in  aircraft  instrumenta¬ 
tion,  especially  air-speed  and  altitude 
measurements.  Flight  test  experience 
desirable.  Thorough  knowledge  of 
servo-mechanisms  and  electronics  nec¬ 
essary.  Must  have  creative  talent  and 
interest  in  working  on  new  methods  of 
aircraft  instrumentation. 


Aeronautical  Engineer,  M.  S.  in  Aero¬ 
nautical  Engineering  with  math  minor. 
Two  years'  experience  in:  evaluation  of 
airborne  systems,  both  digital  and 
analog;  navigation  techniques,  includ¬ 
ing  inertial  navigation;  and  aerody¬ 
namics.  Experience  in  data  reduction 
and  photogrammetry  desirable.  To 
analyze  flight  test  data,  do  systems 
analysis,  and  solve  problems  in  spheri¬ 
cal  trigonometry  and  photogrammetry. 


Advantages  of  IBM 

A  recognized  leader  in  the  electronic  computer  field  . . .  stable  balance  of  military 
and  commercial  work  . . .  advancement  on  merit . . .  company-paid  relocation 
expenses  . . .  liberal  company  benefits  . . .  salary  commensurate  with  ability  and 
experience. 

Immediate  openings  at  Owego,  N.  Y. 

WRITE,  outlining  qualifications  and  experience,  to: 

Mr.  P.  E.  Strohm,  Dept.  5540 
Military  Products  Division 
IBM  Corp. 

Owego,  New  York 


IBM 


INTEBNATIONAL 
BUSINESS  MACHINES 
COBPOBATION 


DATA  ntOCCSSING 
CltCTSIC  TYPtWtlTISS 
MIllTAirv  PtOOUCTS 
SPfCIAl  ENCG.  nraOUCTS 

supplies 

TIME  EQUIPMINT 


% 


ENGINEERS 

ir  you  bare  been  looking  for  an  Employment  Ap-nrr 
that  U  skilled  In  the  STATE  OF  THE  ART  of 
Terhniral  Recruitment  and  RELIABILITY  OF  IN. 
FORMATION  coneemlng  positions,  why  not  eom- 
rounlcate  with  us  at  once! 

■Lix  poamovs  nr  paid 

FIDELITY  PERSONNEL  SERVICE 
1218  Chestnut  St.  Phils.  7.  Pa. 

tfpeeluluf  in  Aviation,  KUrtronict  and  A’ncleonict 


AnnREHR  BOX  .VO.  BF.PLIF.H  TO:  Rot  So. 
rianoi/lrd  Adr.  Dir  of  tklg  puhlirntion. 

Sind  to  ottlrr  neoresf  pon. 

SKW  YORK  36  P  O.  BOX  II 

CHirAno  11:  ste  .V.  .uu-liiiion  Are. 
FAS  FRASriFCn  *•  66  Font  FI. 


Position  Vacant 


Academic  appointment  Is  available  as  Re¬ 
search  Collaborator  or  AaniHtant  Profeeaor 
So  supervise  desiRninir,  fabricatinR,  and 
roaintaininR  specialized  electronic  equipment 
for  research  in  chemistry,  physics,  and  eniri- 
neerinR.  A  properly  qualified  person  will.  If 
he  desires,  have  the  opportunity  to  partici¬ 
pate  in  electronic  research  or  teach.  Salary 
in  ranRe  of  .ST, 000.  Annual  appointment 
with  one  month  vacation.  Application  or 
further  inquiry  should  be  made  to  Dean  VirRil 
W.  Adkisson.  Research  Coordinator.  Uni¬ 
versity  of  Arkansas,  Fayetteville,  Arkansas. 


Selling  Opportunifiet  Wanted 


British  manufacturer  with  moulding  and 

liRht  enRineerinR  facilities  and  Television. 
Radio  &  Electrical  technical  staff,  would  be 
interested  to  discuss  producinR  Rood  sales 
lines  for  British  market  with  proRresnive 
American  manufacturer.  RA-7886.  Electron¬ 
ics. 


Experienced.  Well  Established  Representa¬ 
tive,  Licensed,  Graduate  EnRineer.  Now 
available  to  represent  you  to  the  aircraft, 
missile  and  nuclear  industries  in  the  Seattle 
Area.  RA-7898.  Electronics. 


ELECTRONIC  ENGINEER  PHD. 

10  year*  buainoM  oxporienco  •ook* 
■uporvlaory  position  Inslnunonlation  in¬ 
dustrial  controls,  systems  onqinoorinq. 

I’W-'RtHI.  Electronics 
520  N.  .MIchlRan  Avr.,  rhlcsRO  11,  III. 


NEED  ENGINEERS 

Place  an  "Engineers  Wanted" 
advertisement  in  this  EMPLOY¬ 
MENT  OPPORTUNITIES  sec- 
tion.  It's  an  inexpensive,  time 
saving  method  of  selecting 
i  competent  personnel  for  every 
j  engineering  job  in  the  Elec¬ 
tronics  industry.  The  selective 
circulation  of  ELECTRONICS 
offers  you  an  opportunity  to 
I  choose  the  best  qualified  men 
available  throughout  the  in- 
I  dustry. 


How  to  design 


Procttcol  handbook 
you  .  .  . 

•  Clear  explanations  of 
bosic  theory 

•  Applications  of  theory 
to  real  design  prob¬ 
lems 

•  A  wealth  of  needed  design  data 


F 

/ 


THIS  handbook  of  fundamentals  and  data 
will  help  you  In  the  desiRn  of  all  tyia-s  of 
electronic  e<|ulpment.  A  lurRe  nuinlier  of  the 
clrculta  used  In  many  different  applications 
is  covered,  touether  with  theoretical  and 
technical  dl.-icusslons  and  explanations,  de- 
kiRn  examples  to  show  application  of  theory, 
and  Kraphl<-nl  and  tabular  data  needed  in 
day-to-day  deslRn  work.  The  entire  elec¬ 
tronic  tleld  Is  covered.  ranRinK  from  vai-uum 
tube  and  transistor  fundami-nials,  voltaRO 
and  power  amplitlers.  to  such  topics  a.-  com¬ 
puter  and  servomechanism  techniques,  wave¬ 
form  and  network  analysts. 

The  aim  throuRhout  the  b«M>k  Is  to  iiresent 
detailed,  practical  desian  data  in  a  clear 
and  concise  manner.  The  liorik  covers  many 
topics  at  Rreat  lenRth, 
and  the  treatment  of 
several  subjects,  such 
as  receivers,  is  not  only 
unusually  complete,  but 
by  far  the  clearest  ex¬ 
planation  of  the  essen¬ 
tials  of  the  particular 
Held  availalde  to  the 
1  enalneer  or  designer. 

ELECTRONIC 

DESIGNERS' 

I  HANDBOOK 

ROBERT  W.  lANDEE 
Gtmerdl  MenAgtr  and  (.bitf 
EJtctronic  E-nginttr, 
Polltr  Pacific  Corp. 
DONOVAN  C.  DAVIS 
Asiiitant  Dirtdot 
ol  Emginetring 
Citfillan  Bros.  Inc. 
ALBERT  P.  ALBRECHT 
AtiiilanI  Director 
of  Engineering 
Giliillan  Brot.  Inc. 

1014  Mt**>  4x0, 

902  illsttratiusi.  $14  SO 
EAST  TERMS:  S4  SO  is  10 
Oayt,  thus  S4.00  siasihly 
vstil  S14  S0  it  Mi4 

I  FREE  EXAMINATION  COUPON 


I  I  McGraw-Hill  Book  Co.,  Dopt.  FL-5-9  i 

.  327  W.  4Ut  St.g  Now  York  34,  N  Y.  ' 

*  Borul  me  laondpo’.  I>otU  antf  .MhrM'ht'n  ELEC-  | 

I  TRONIC  DESIGNERS'  HANDBOOK  for  10  • 

*  rkonilnatlon  <>n  apormal.  In  ID  doyt.  I  will  | 

I  Irhrv’k  Q  wend  >ou  the  full  price  of  . 

*  or  Cl  14. 'HI,  then  $4.00  a  numth  until  the  full  price  | 
I  m  paid,  irtherwlfie,  I  will  return  tiook  postpaid.  . 

*  fWe  pay  delherv  nwt^  If  you  remit  with  ThU  | 

I  coupon:  Bame  rHum  privilege.)  . 

:  PRINT  I 

I  Name  . . I 

I  .^ddreM  . I 

I  <it>'  . Zone. ..  .Rtate .  . 

I  ('rmipanv  . 

.  Pnaltimi  .  * 

I  For  price  tfad  ferma  oaftfde  V.fi.g  I 

■  irrifc  MrOraw  HUl  int'l.,  S.Y.C.  FL  *  * 


COVERS: 

•  trissiilor  circHiti 

•  custguttr  (Itsitsti 

•  tvrvusitckasitsit 
•s4  apolicgtiMit 

•  low-saitt  r-f  asi- 
plilUrt 

•  thugMr-ttibiliitO 
tmolifltrt 

•  lew-gawtr  trgst- 
fer  start 

•  asttssat 

a  end  siasy  start, 
far  a  castplata 
cavtraat  el  tha 
fitld  at  alactrasict 


10-Day 

FREE 

TRIAL 

EASY 

TERMS 
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EMPLOYMENT  OPPORTUNITIES 


Professional 

Services 


AMERICAN  GEOPHYSICAL  & 
INSTRUMENT  CO. 

W.  <Hb(»rn^ 

Pesign  &  Prirtopmrni  Of  VJfCtrual 
tnttrumt'Hts 

R*P0itino  ill  Titpf  RltHfunir  Kttmipmtni 
1733  Markvf  Htr»rt  iianWna.  rallf 

3  r:u«7  l»AtU4  4*«'>H  _ 


CROSBY  LABORATORIES,  INC. 
Murray  G.  Crosby  6  Staff 

ttoilko  •  fll«ciranlca 

lUa^rch  iN^elopm^ot  *  MaoufACturtnc 
riiAiuuniOAihicui.  VM  A  TV 
Kobblii*  iMf.  lUckiivlll^.  N.  T 
WKIU  1-3191 


ELECTRONIC  RESEARCH 
ASSOCIATES,  INC. 

•  TRANHISTORIZK”  VOI'R  PRODriT! 
CoapleU  H#rTlr«  Id  rofuyltloc.  r««e«rrh. 
meni.  tfMl  priMludlna  on  TmniUtor  flrrylU), 
prtMlurt*  irH)  IntiniBonutlon 
C7  Fartory  Placo  OiUr  Omofo.  N.  i 

CTnter  9  3000 


ERCO  RADIO 
LABORATORIES,  INC. 

Rjdto  Communications  Ei/uipmeni 

Knrlnwrlnf  -  •  Dtnrlnpamtt  ■  I'rmhictloD 

Our  XTlIi  VMr  In  Air  lo  Oround 
Cocnmunlrstlan  and  Radio  Haacona 
Oardra  CIt?  a  Lofui  I.land  a  Now  York 


MEASUREMENTS  CORPORATION 

Research  6  Manufacturing  Engineers 


Hmtt  W.  Houck 
Bpcriaiut  In  the  IValgn  umI 
Dwetoptnent  of  Klmrcinlc  TtMt  lii«tmfiieiitj 
Boontno.  Nen  jemey 


ALBERT  PREISMAN 
Consulting  Engineer 

Tnlcritlon.  PuUe  TPOhnlgUea.  Video 
Ampliftcm.  rat««it  technlenl  ontwultAtloii. 

61A  At.  Andrewp  Lnoe.  Bilrer  Bpfioc.  Maryland 


YARDNEY  LABORATORIES,  Inc. 

Research-Design-Development 
fnartro-rhaailtal  Omaraliiri  o*  Enrrir 

4*  411  Lmnird  Hirnl  Worth  ('SI** 

New  York  13.  N.  Y. 


CONSULT 

THESE  SPECIALISTS: 

Let  them  save  your  time  by 
brinRing  their  broad  experi¬ 
ence  in  their  specialty  to 
bear  on  your  problems. 


7o  the  talented 
engineer  and  scientist 

APL  OFFERS 
GREATER  FREEDOM 
OF  ACTIVITY 

APL  has  responsibility  for  the  technical  direction 
of  much  of  the  guided  missile  program  of  the 
Navy  Bureau  of  Ordnance.  As  a  result  staff  mem¬ 
bers  participate  in  assignments  of  challenging 
scope  that  range  from  basic  research  to  prototype 
testing  of  weapons  and  weapons  systems. 

A  high  degree  of  freedom  of  action  enables 
APL  staff  members  to  give  free  rein  to  their 
talents  and  ideas.  Thus,  professional  advance¬ 
ment  and  opportunities  to  accept  program  re¬ 
sponsibility  come  rapidly.  Promotion  is  rapid, 
too,  because  of  our  policy  of  placing  professional 
technical  men  at  all  levels  of  supervision. 

APL's  past  accomplishments  include:  the  first 
ramjet  engine,  the  Aerobee  high  altitude  rocket, 
the  supersonic  Terrier,  Tartar,  and  Talos  missiles. 
Presently  the  Laboratory  is  engaged  in  solving 
complex  and  advanced  problems  leading  to  future 
weapons  and  weapons  systems  vital  to  the  na¬ 
tional  security.  Interested  engineers  and  physi¬ 
cists  are  invited  to  address  inquiries  to: 

Professional  Staff  Appointments 

Tlie  Johns  Hopkins  University 
Applied  Physics  Laboratory 

8r>n9  Georgia  Avenue,  Silver  Spring,  Maryland 
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SEARCHLIGHT  SECTION 


MICROWAVE  EQUIPMENT 

X  BAND-l"  X  y?"  WAVE  GUIDE 

PARABOLOID  DISH  18*  (tia.  Spiui  Aluiitiiiuiii,  H" 

K«*cUj*.  For  A.\  Al*S-6. . V*.50 

3  CM.  DIPOLE  uid  F^hhI  AsNt*mbi>.  iMa>  Ik*  iLSf<i  with 

•  Ump  (lUb.i  K  inrhfN  long . 55.00 

FLEXIBLE  SECTION  !'  in  long.  ('o\er-to-<'over.  .55.50 
ROTARY  JOINT  lAI’S  «>  SpiTrv  l*T  ffGoSa:’*.  IHO  4leg 
rotation,  chokt*  t(»  clxtkt*.  Man  ’*Huilt-in"  1>1  ('ouplrr. 

2"  IM5  .  with  -  N ”  Taki*t*n .  522.50 

3  CM.  DIPOLE  FEED,  IT*  h.  for  APS  l*. . 514.50 

MITRED  ELBOW.  Ca$t  aluniinuiu,  1*4"  x  S”  W.<J. 

W.K.  Flangt'v  “E*’  Plane . 54.50 

Bulkhead  Feed*thru  Assembly . 515.00 

Pressure  Gauge  Section  uith  1%  lb.  gaugr  510.00 

Directional  Coupler.  1  C  4o  \  Take  ofT  2n(lh  517.50 
MAGNET  AND  STABILIZER  CAVITY  5'or  2J41  Mag- 

netnm  .  524.50 

80  degree  elbows.  “K  Plane  radtiiH.  .  50.50 

CROSS  GUIDE  dir<‘CTlonal  (*nupler  r<:4n  otitpiit  flange. 
Main  gnnie  is  t?*  htiig  s\lth  '.«»•  “K”  plane  la-ncl  at  one 
end.  and  is  ntte^i  with  std.  I  t;4»  flanges, 

t'oupling  figure  2ul>lt . 522.50 

10  CM.— RG48/U  Waveguide 

lOCM  ECHO  BOX:  Tunable  fioui  .M<  For 

ehecking  (»ut  tadar  transmitter^,  tor  spe<'truni  anai>- 
s<s,  ete.  (’oiiipleft*  uiih  pickup  antenna  and  (Kaipting 

deOees  . 517.50 

POWER  SPLITTER  lor  um*  %\iih  type  728  or  any  Ml  r5I 

Sheptienl  Klystnm.  Knergs  is  fe«l  from  Klystnm  an 
tenna  through  dual  pick  up  system  to  t  t\pe  ’*N*’ 
(smiiectors  .  512.50 

LHTR.  LIGHTHOUSE  ASSEMBLY.  Parts  of  itT'.'* 
.MHi  -5  A  Al*<i  1.'),  Ueeeixer  and  Trans,  ('aiUie»  h 
a<soc.  Tr.  i*a»lty  and  Type  N  t  PMl  To  UiTtr.  I  M's 
•8  40.  2< '4:1.  1H27.  Tunable  A PX  24iHi  27fHI  Ml'S.  Sil¬ 
ver  Plated  . 515.00 

BEACON  LIGHTHOUSE  ra\ity  p  o  ('PN  2  Ib^acon  in 

em.  Mfg.  IPTuanl  Uice.  eacti .  527.50 

MAGNETRON  TO  WAVEGUIDE  (  oupler  with  721  A 

lmple>er  railt.s.  gold  plate<l . 541.50 

72IA  TR  BOX  with  tula*  and  tuning  plungers..  ,512.50 
A8i4A  AP'fO  CM  Pick  up  IHpolo  with  "N"  I'ablf*'  54.50 
HOLMDELL  TO-TYPE  N  Male  Adapter*,  W  F 

-IM«:2h4  52.75 

BEACON  ANTENNA.  AS:*,1  AP\-7  in  Uiclte  Hall 

Tvp*-  'N’”  tee«!  . 522.50 

ANTENNA.  AT49A/APR:  Itniadtiand  (VmicaJ.  ::nn«Ttnn 

.Mr  Tvp.»  ■  N'*’  5'eed . 512.50 

*_‘E**  PLANE  BENDS,  deg.  lesw  flanges  .  .|7.50 

300  MC  WAVEMEHR 

Mfd.  by  G.E.  for  Armed  Services 
3000*3700  MC.  Comes  furnished  with 
ajw  WP^  variable  attenuator,  coax,  adapter 

y{Vi  cord.  Cal.  chart  and  pickup  antenna. 
I  I  Has  output  Jack  for  eatornal  meter 

J  0^  other  monitor  device.  Resonance 
indicator  is  3'}  20  microamp  meler. 
Brand  new.  In  portable  wooden  car. 
rying  ease  . .  505 


MEDIUM  POWER  PULSER 

The  MIT  MOD  III  PULSER  is  a  lightweight,  iiusliiiin 
power  tadar  nMMlulat<»r  using  an  k2'i  H  tii  a  icgctiera 
live  bhM'kmg  oscillator  circuit  tctsling  a  7l*dl  p>w»*i 
aiuplitici.  Peak  output  is  12  K\  at  12  Amps  into  a 
MMHi  ohm  ipad.  I*ul.se  widths  are  n..Vl  2.n  us«t  at  a 
duty  ratio  o(  imhiL  Pntuar)  power  roi|Uir<Kiients  are 
115  \ac.  4nii  l2<Hi  cps  ::..'A.  .VImi  28  wic  at  Amp  An 
external  trigger  of  at  lea-st  .**!♦  |»eak  Is  re<iuire«t  .VM 

units  are  new.  complete  with  all  tuties.  pressunxe«i 
hou.sing.  and  tadiematic  diagram.  ^0*7  C/\ 


$97.50 


COMMUNICATIONS 
EQUIPMENT  CO. 

343  Canal  St. 
New  York  13,  N.  Y. 

CHAS.  ROSEN  * 
Phone :  CAnal  6-4882 


MICROWAVE  ANTENNAS 

AT49/ APR— Itroadliand  I'mucal.  3<hi  :;:;iMi  .Mr.  58.95 
4  CM  ANTENNA  ASSEMBLY:  I  se*  IT**  paialH<iotd 
dish,  operating  from  24  vdr  motor.  Ileam  pattern:  5 
deg.  in  fxtth  .Vglmiirh  and  eleiation,  He<tor  Kt-an; 
over  IHii  deg.  at  3.5  scans  per  minute.  Kltnatu*n  Hi  an. 

oier  2  deg  Tilt.  Over  24  deg .  545.00 

i  cm.  Horn.  I*  x  S*.  with  twist  and  iho  iteg  bend 

With  dielectric  window  . 522.50 

Oiscone  Antenna.  .\!i  125  API!  Mnni  :'2ini  me  Stub 

supp»»rtetl  with  fvpe  '*N’*  ri>nn«*<*tnr .  514.50 

ASI4A  AP.  lu  <  M  pick  up  dip^tle  a.ssv.  nmipIHe  w. 

leng'h  of  citax  and  '.N"  connector*  .  .  .  54.50 

30'  Parabolic  Keflector  Sptin  Aluminum  dish 

F'g^is  .  54.05 

AN/APA-12— .Hector  Scan  edaptoi  for  AI*S  2  radar 

romplete  Kit  .  .  547.50 

10  CM.  ANTENNA  ASSY.  •AirtHunei.  ;:o^  disli  with 
coax,  tilpoir  teetl.  FtM'al  length  is  ioVk*  llorlz  potari- 
zation.  :'.5m  deg.  azimuth.  Tib:  pin*  amt  minus  20 
rleg.  vdr  drive  tm»t(K.  selsyn  takwfT  585.00 


PULSE  NETWORKS 

H-616  lOKV.  2.2  umh..  .175  PPS.  So  tdiiiis  imp  522  SO 
H.bl5  lOKV.  0.8.*.  Usee..  7.'»  Pl^.  50  ohms  imp  522.50 
H.605:  2  -  K\.  'K'  t  KT  1.5  Usec.  4oo  pps.  Mt  tihiiis 

Impctlaiice,  secthuis .  .  582.50 

7.5E3-I-200.67P.  7. .5  K\  'K'  t  Ircuit.  I  micn.sec.  2'Ht 
PPS,  or  t.hiiis  iiiiiM<«|g|)ee  ;i  sections..  57.50 

7-5E3-3*200*67P.  7. .5  KV  '  K‘  t  licull.  inicioeec 

2»Mi  pps.  ohms  imp  -5  Mctiofi-* .  512. 50 

G.E.  .'.-kiHMi  ',0  P2T.  «  KV.  "K‘  t'licvilt  0.5  user 

2000  I'PS  .50  t>lims.2  iwctioiis .  58  00 

G.E.  s.tF  |.:  K4  8101  18  2.24  405i  .5oP4T  :.hV  K' 
rKT  inial  l  iut:  1  rut  1.  4  srctuuis.  0  .*i  .Microse, 
8io  I'PS.  50  t.luus  imp.:  I  nit  2.  h  Sections  *22* 
micntsec.  405  PPS,  .50  ohms  imp .  >8.50 

PULSE  TRANSFORMERS 

—  2  715t».  Prlfiiarv  5ti  idiios  S*'C«gidaiv 

lO'Hi  ithms,  It.iMiov.  12  0  Amp 
i*uU>;  1  or  2  umc.  at  .mil  diitv 
ratio  Fitted  with  magnetron  well 
and  bdilar  wltMling  for  hlament 

VinVS\  supmv  . $22.50 

MAGNEtRON  PULSE  TRANS.  *  ov4 . 
Prim,  imp  .:o  ^.itnis.  ifguii.  puls«- 
Sec.aidarv  imp.  I.v  1250  ohm*.  12 
KV  pulse  Tutir  ratio  ser;pii.  is  7  5;l.  iMity  lallo 
is  iMHit  12  ua-c  Itihlat  winding  1  2A  50.50 

K-2745  Primary:  .'..I  2.8  KV.  50  oimis  /  S4-condai)  : 
14  12.8  KV  1025. ohm*  Z  PuU*  length  o.25n  o  Usec 
^4  MHi  'OiNi  I'PS  Pk  power  2imi  ]  mi  KVV  Hltilar :  I 
Ai-ip  Mas  -iHidt  in"  magtiHnm  well...  ,  >42  50 

K*24ftl-A  Primary:  2.1  2.«  KV  5o  ohtiuv  (linei.  See 
ondarv  14  11.5  KV  Kmni  rthm*  /  l*ulse  length  I 

Usec  [>i  tfoo  PPS  I'Ve  Power  thit  2iM»  \:w  KVV 

Itifilar  l.:t  ViMp  FiTte<|  with  inagii'*tion  weM  529  50 
K3SJ45  IhiiM'  invei>i<.n;  PHI:  5  KV  PK.  l*uLse  m-ga 
rive  Sec.  pos  |>ulse.  4  KV  :  I  iisec  and  mil  |M  TV 

RATIO .  58  50 

UTAH  X  l'*OT  !•  Two  secthm.*.  :{  VVdgs  pe?  sectMin 
l:l:I  Katio.  3  Mh.  0  (»htiis  |M  |{  per  W  ig  ...  55  00 

68G71I:  Ratio:  4:1  l»rl  204tV  .  Se<-  V.V.  lo  Use«-  l*uisc 

(m  2<mmi  pps.  ooI«  KVA  . .  54  50 

TRI049  Ratio  21  Pri  22o  MH.  54)  ohms.  s«*>  o  75  II 

IM  IC  MHi  Ohms .  58  75 

GE  SK.244?'A  |•^lmaf>  :  8:33  KV,  5o  ohms  imp  S« 
ondary :  28  KV.  450  ohm*  l*ul*e  length  l  o',  .5  u-w-c 
W  8:1.5  12<»  PPS.  PK  Power  Ihit  I.TIO  KVV  ItlfUar 

1  5  amps  las  Jiowiii  .  582.50 

GE  sK*2449A.  Pitmary:  KV  .  '^O  ohm*  imp  See 

.32  KVV'  lmp**Unee  4b:MHi  r4itn  fMiTput  PrI  volt*  2  • 
KV  Pk  .Set*,  volts  It  5  KV  Pk  Itifilar  rare<l  at  I.:: 
Amp  Kitted  with  magnef**ui  well  524  50 

10  CM  R.F.  HEAD 

Complete  R  F  Head  and  Modulator  deliver*  50  K  W 
Peak  R.F  at  3000  MC  PuUer  dellvere  l7KVf  pulte  at 
12  Amp.  te  magnetron  of  .5.  I.  or  2  VMicroeec  duration 
at  duty  cyrio  of  .001  Unit  roquiroe  1 15V.  400*2400 
Cyclot.  I  phavo  g.SA  Alto  24.28  VDC  U»  2A  Ei* 
lornal  tync  Pulte  of  120V  Roq’d  l^rand  New.  Com- 


NEED  METERS? 

STANDARD  or  SPECIALS 

ANY  QUANTITY-NEW-MILITARY 


BEARINGS - 

Minialurec  PrecUion;  Slalnleat  Sl*«I: 
Spscial  SUM,  Tolerance  &  Conatructlon. 

RAWAY  BEARING  CO 

4.S  Fanrth*  St.  Wtlk»  S-tlM  N  V  G  2.  N  V 


V.  H.  F. 


U.  H.  F. 


1000  RDO  RECEIVER 

38  MC  precision  rocoivor  covering  comploto 
rongo  using  3  turning  units.  The  RDO  It  o 
high  quality  Navy  search  receiver  using  the 
some  turning  units  os  the  APR-4,  but  hot 
odditional  features,  such  as  input  and  output 
signal  strength  DB  meters,  audio  output 
metering,  noise  limiter,  greater  stability,  for 
noise  measuring  etc.  Input  110V60CYC. 
Panadaptor  output  avail.  Complete  W  3 
turning  units.  ^ Cn 

Brand  new.  original  boxes  •  |  Jl  M  ^ 

Oevt.  oeq  cost .  .$1500.00 


'T  <'.M  lUdar  lantaUation  in  Ilrand  New  original 
Thi*  !-■  a  complet**  *«Ut  (‘on(a)n<><l  radar 
m-eivr>r  and  tranMiilttlng  unit  with  parabtHic  an 
tenna  romplete  with  78  Uite**.  Irulicator*  and 
(taiTfol  iKi.xes.  Tutie  compb'menr  rond*t*  »»f : 


2  ea.— 723AB 
2  ea.— dB22 
4  ea.— 3824 

2  ea.— 3FP7 

3  ea.»SU4 


30  ea.— 8J6 
9  ea  — 6VGGT 
ti  ea.— 8AK5 


I  ea.— 725A 
I  ea.— 807 
I  ea  — VRI05 


(go  t.  acquis,  cost  over  $1,000.00).  Ship.  wt.  441 
lbs.  W  operating  instructions.  $AO  50 

V®ur  toeeial  price  . 


R.  W.  ELECTRONICS 

Dept.  1. 

2430  S.  Michigan  Ave.  Chicago  16,  III. 


™EIECTRI 
AIRCRAi 

II I  I  MAKES- 

/\LL  ranges 

METERS 


ELECTRONIC-MILITARY 

AIRCRAFT-HAMS 


MAKES-MODELS 

RANGES-SIZES 


REPAIRED 

RESCALED 

RECALIBRATED 


WRITE  -  PHONE  -  WIRE 

A  &  M  INSTRUMENT  SERVICE 


76-14  Woodside  Ave. 

Elmhurst  73,  N.  Y. 

CAA  No.  4264  Ltd.  HA  9-2925 


Thats  A  Buy 


Nfw*  International  Rectifier  Corp 
Full  Wave  Bridge  Rectifier 
130  Vac  Factory  Rated  350MAMOOVDC 
GTD  Dutput  Up  to  Dn«*halt  Amp  Mtgrs  Write  for 
Qty  Prices! 

20  Plates  4*5*1 :  Vnr/v  HfoM  h,  fhtr't  f  -.nr 
Cost  $8.10.  **TAB"  Special  $1.2555.  5  tor  55 

“T8D”  PuOtlfftH  ^8  .VfrlfFv 

I  AD  IIIEJ  liberty  St..  N  Y  6.  N  Y. 


500  COMMERCIAL 
RCA  MULTIPLIERS  931 A 
Quantitiei — 100  up  $3.50  Each 
HENLEY  &  CO..  INC 

202  Eatl  44th  St  Naw  York  17.  N  Y. 
Yukon  6-5M4 


HARRY  KRANTZ  CO. 

the  largest  RESISTOR 
stock  in  the  Country 
Tremendoui  Quantiliee — 16  2  W. 
40  lo  70%  oil  miq.  prices 

69  Chambers  St.,  N  Y.  C  13  WO  2-5727 


New  Advertisements 

received  by  May  2nd  will  appear  in  the 
May  23rd  issue  subject  fa  space  limitotians. 
Cfossified  Advmrtiting  Division 
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WAR  TIRMINATION  INVENTORIES 

WRITE  OR  WIRE  FOR  INFORMATION  ON  OUR 
COMPIETE  LINE  OF  SURPLUS  ELECTRONIC 
COMPONENTS.  ALL  PRICES  NET  F.O.B. 
PASADENA.  CALIFORNIA  ’ 


INVERTERS 


10042-1  A 

DC  Input  14  volti;  ' 

Output:  IIS  volts; 

400  cycles.  I -phase;  SO  watt  S3S  00 

121 16  2  A  Bendii 

Output:  IIS  VAC;  400  eye.  single  phase  4S 
amp.  Input:  24  VDC,  S  amps  SIS  00 

12117  Bendi« 

Output:  6  volts.  400  cycles.  6  volt  amperes. 

I  phase.  Input;  24  VOC:  I  amp.  SIS  00 
13121  Bendii 

Input  24  volt  DC.  18  amp.  12000  r.p  m 
Output:  IIS  volts,  400  cycle.  3-phase  2S0 
volt  amp.  7  pf  S4R  SO 

12123  Bendln 

Output  IIS  V;  3  phase.  400  cycle,  amps 
.5;  Input:  24  VOC;  12  amp.  S4f  SO 

12126  3  A  Bendi< 

Output:  26  volts;  3  phase;  400  cycle.  10 
VA.  6  PF  Input:  27  S  volts  DC,  I  2S  amps. 

S24S0 

12142  1  A  Bendii 

Output;  115  volts.  3  phase.  400  cycle,  2SO 
VA.  Input;  27  5  VDC,  22  amps.  Voltage 
and  frequency  regulated  SRt  SO 

1 21 47- 1  Pioneer 

Output:  IIS  VAC.  400  cycles-  single  phase 
Input;  34-30  VDC;  8  amps.  SIR  RS  each 
I038S  leland 

Output:  IIS  volts  AC.  7S0  VA.  3  phase,  400 
cycle.  .90  pf  and  26  volts.  SO  VA  single 
phase,  400  cycle.  40  pf  Input:  27.5  VDC. 
60  amps.  cent,  duty,  6000  rpm.  Voltage  and 
frequency  regulated  SSR  SO 

10S63  leland 

Output  IIS  VAC;  400  cycle.  3-phase  IIS 
VA.  75  pf.  Input;  28  S  VAC;  12  amps  S3S  00 
FI6  Jack  &  Heintr 

Output:  IIS  volts.  400  cycle.  1  or  3  phase. 
250  VA  pf.  9  Input:  27  5  volts,  20  amp. 
Electronic  frequency  and  voltage  regulated. 

SRR  SO  each 

PE  109  leland 

Output;  115  VAC,  400  eye.;  single  phase, 
1.53  amp.;  8000  rpm.  Input:  13.5  VOC;  29 
amp  SSO  00 

PE218  leland 

Output;  115  VAC,  single  phase  pf.  90, 
380/500  cycle.  1500  VA  Input;  2S-i8  VDC; 
92  amps,  8000  rpm;  Eic.  Volts  27.5 
BRAND  NEW  S30  00 

AN  3499  Eicor,  Class  "A" 

Input;  27,5  volts  at  9.2  amps.  AC  Output: 
IIS  volts.  400  cycles.  3  phase,  100  voltamp, 
continuous  duty.  Price  S3R  SO  each 


MG54D  BENDIX  INVERTER 

Output.  200/115  volts;  400  cycit,  single  or 
3  phese;  .80  pf.  250  VA  Input:  28  VDC,  22 


i 

2( 


MINNEAPOLIS  HONEYWELL 
RATE  GYRO  (Control  Flight) 

Part  no.  JG700SA-II  series 
9  IIS  volts  AC..  400  cy 
cle,  single  phase  Poten 
tiometer  take  off  resist 
ance  530  ohms.  Speed 
21,000  r  p  m  Angular 
momentum  2''j  million, 

CU>  sec  Weight  2  lbs. 
Dimensions  4-7  32  i 
3-29  32  I  3  31  64 

Price  $32  50  each 


pv*5- 


GYRO  (flux  gate  compass) 

Mfgd.  by  Bendii. 

te  Mr  n  2002- 1 8 

(ANS7SI-I).  Gyro 

motor 

400  cycle. 

Speed  20.- 
000  rpm. 

accuracy  better  than 
Vj*.  ...  SIS  00  each 
Amplifier.  Part  n  2076- 
I A  for  gyro  system 

SIS  00  each 
Indicator.  Part  JIPITOOS- 
ID-AI,  used  with  above  system...  $15  00  each 


r  MOTOR  GENERATOR 
TRANSICOIL  TYPE  7500 

115  volts,  400  cycle.  Output  4 
volt  per  1000  rpm.  Motor  speed 
0  7000  rpm.  CjMr  Troin  rotio 
2000  I.  Price  S3R  95 


60  CYCLE  AC  SERVO 
MOTOR 

with  gear  reduction 

Mfgd.  by  Diehl.  Type  FPE-25-II. 
Low  inertia;  75/115  volts;  60 
cycle.  2  phase.  4  watt  output, 
3200  rpm.  Gear  case;  worm  gear, 
spur  gear  and  pinion,  reduction 
ratio  100:1.  $24  SO 


TACHOMETER  OR  RATE  GENERATORS 

J-36  E  A  D  ;  2  volts  per  100  rpm; 

mox  rpm  5000  $22. SO 

PM- 1  Elinco;  2  volts  per  100  rpm; 

mox  rpm  3000  $17.50 

PM-2  Elinco;  2  volts  per  100  rpm, 

mox.  rpm  3000  $17.50 

B-35  Elinco;  2  volts 
per  100  rpm,  max. 

_  rpm  10,000  $22.50 

B-68  Elinco;  1  2  VAC 
per  100  rpm,  max 
rpm  10,000  $17.50 


m 

SYNCHROS 

n 

w 

ICT  cont.  Trans  90  55V  60  cy- 

$34  50 

IDG  Diff  Gen  90  90V  60  cy. 

34  50 

IF  Syn.  Mtr  115  90V  60  Cy 

34  50 

IG  Gen  115V  60  cy. 

37  50 

IHDG 

37  50 

IHCT 

37  50 

1HG 

37  50 

ISF  Syn  Mtr  1)5  90V  400  cy. 

12  50 

2J1F1  Gen  115  57.5V  400  cy. 

7  50 

2J)F3  Gen  1)5  57  5V  400  cy. 

10  00 

2J1FA1  Gen  115  57  5V  400  cy. 

7  50 

2J1G1  57  5/57  5V  400  cy 

500 

2J1H)  Diff  Gen.  57  5V  400  cy 

7  50 

2J50I  Cont.  Trans.  105  55V  60  cy. 

17  50 

2J5F1  Cent  Trans  105  55V  60  cy. 

17  50 

2J5HI  Gen  115  105V  60  cy 

17  50 

2JI5M1  Gen.  115  57.5V  400  cy. 

17  50 

5CT  Cont  Trans  90  55V  60  cy. 

34  50 

50  Oifl  Mtr  90  90V  60  cy 

34  50 

500G  Oifl  Gen  90  90V  60  cy. 

34  50 

5F  Syn.  Mtr.  115  90VAC  60  Cy. 

34  50 

5G  Syn  Gen  115  90VAC  60  cy. 

34  50 

5HCT  Cont  Trans.  90  55V  60  cy. 

37  50 

5S0G  Diff  Gen  90  90V  400  cy 

12  50 

60G  Diff.  Gen.  90  '90V  60  cy. 

25  00 

6G  Syn.  Gen.  115  90VAC  60  cy 

34  50 

7G  Syn.  Gen.  115  90VAC  60  cy. 

42  50 

C567bl  Type  114  Rep.  IISV  60  cy 

20  00 

C69405-2  Type  I  I  Transm.  115V  60  cy. 

20  00 

C69406  Syn.  Transm.  115V  60  cy. 

20  00 

C69406-I  Type  112  Rep  115V  6b  cy. 

20  00 

C76I66  Volt  Rec  115V  60  cy 

10  00 

C78248  Syn.  Transm.  11SV  M  cy. 

12  50 

C78249  Syn.  Diff.  115V  60  cy. 

5  00 

C78863  Repeater  115V  60  cy. 

7  50 

C7933I  Transm  Type  14  li5V  60  cy. 

20  00 

851  Bendix  Autosyn  Mtr  22V  60  cy. 

7  50 

403  Kollsman  Autosyn  Mtr.  32V  6b  cy. 

7  50 

FPE  25-11  Diehl  Servo  Mfr 

75/1 15V  60  cy. 

19  50 

FPE  43  1  Resolver  400  cy 

19  50 

FJE  43  9  Resolver  1 15V  400  cy 

15  00 

HIGHQUALITY 
OPTICAL  PARTS 

S"  Schmidt  Ultra  i 
Hi-Speed  Objective  I 
lens  System  R 

Eostmon  Kodak  in¬ 
fra-red  receiver, 
formerly  known  os 
U.S.  Novy  Snooperscope.  Type 
B,  7"  long  with  5”  I 

ultra-high  speed  Objectives 
Lens  (approx,  f  0.5).  Elobo- 
rote  optical  system,  many 
coated  lenses.  Uses  2  pen- 
light  botteries.  (Sovt.  cost  op- 
prox  $300.  Foctory-new.  Sh^- 
ping  wt.  9  lbs.  Price  $19.95 
Waterproof  Corrying  Case,  extra.  Shipping 
wt.  3  lbs  Price  $3.00 

Dual  purfxtse  U.S.N.  floodlight  throws 
strong  beam  of  invisible  infra-red  rays. 
With  infra-red  lens,  spore  seoled  beam 
lamp,  batteries.  Shipping  wt.  23  lbs. 

Price  $14.95 


POWER  PLANT  MODEL  EG-107 
120  208  V  AC,  400  CYCLE 

Generator  rated  at  7.5  kw,  400  cycle,  120/ 
208  volt  A  C.  Single  and  3  phose  at  95% 
pf  Current  Dram  ot  roted  lood  21.7  omps 
per  phase  Also  has  28  volt  D.C.  at  750 
watts 

,  — y  ^  ^  ^  ^ _  This  unit  con- 

'  InB  cylinder  woter- 

— ll  1  '  ccMied  gasoline 

V— I  I  I  I  engine  directly 

1"  p  "  jA connected  to 
'  ,  Jr  tjn  alternotor 

•  ■?5  -  ”  \  -Wa-B  BeI  generotor. 

Complete  with 

Lrw  control  panel. 

,  <■  '  ^  X  >  Appro  X  I  m  o  t  e 

weight  500  lbs. 
Price  $495.00 


*  SIMPLE 

t  DIFFERENTIAL 

-  I  to  1  reverse  ratio;  48 

““  teeth  on  input  and  out¬ 
put  gear,  1-1/32  inch  diameter. 
Total  outside  diameter  1-25/32 
inches.  Shaft  size  is  ’A  inch. 
One  shaft  is  9/16"  long,-  other 
Stack  No.  IS1  shaft  is  3/16"  long.  SS.OO 


VARIABLE  SPEED  BALL  ^ 

DISC  INTEGRATORS 

Forward  &  Reverse  4-0-4.  In- 

put  shaft  5  16"  dia.  i  ^a"  lr*r-J|Hj2 

long.  Output  shaft  15  64" 

dia.  I  9  16"  long.  Control 

shaft  II  64"  dia.  i  II  16"  No,  146 

long.  Cast  aluminum  con-  w.w'ww 

struction.  Approi.  size  4V2"  $17.50  60- 

I  4'.^"  I  4' 

(All  Shafts  Ball  Bearing  Supported) 


SMALL  DC 
MOTORS 


(approi  size  overall  3%"  i  1’4"  dia.;) 

5067126  Delco  PM,  27  VOC,  125  RPM, 

Governor  Controllec  SIS. 00  ea 

5069600  Delco  PM  27.5  VDC  250  rpm  12 

5069230  Delco  PM  27.5  VDC  145  rpm  15 

5068750  Delco  27.5  VDC  160  rpm  w  brake  6 

5068571  Delco  PM  27.5  VOC  10.000  rpm 

(1x1x2")  5 

5069790  Delco  PM,  27  VOC,  100  RPM, 

Governor  Controlled  15.00 

5BAI0AII8  GE  24  VDC  110  rpm  10 

5BA10AJ37  GE  27  VDC  250  rpm  reversible  10 
5BA10AJS2  27  VDC  145  rpm  reversible  12 
5BA10AJ50,  G.E.,  12  VOC,  140  rpm  15 

206-1001  PM  Planetary  Gear  Reduced 
Motor  with  Magnetic  Brake.  Mfgd.  by 
Air  Equipment  26  volts  600  ma  145  rpm  17 
58A10FJ33.  G.E.,  12  VOC,  56  rpm  reversible  15 
806069  Oster  series  reversible  I  50  h.p. 

10,000  rpm.  27.5  VOC  IV  X  3'/j"  5 

C-28P-1A  27  VOC  1/100  h.p.  7,000  rpm  3 
7100-B-PM  Hansen  24  VDC  160  rpm  7 

SSFO-6-25  Diehl  PM  27.5  VOC  10,000  rpm  4 
6-volt  PM  motor  mfgd.  by  Hansen  5.000  rpm 
\Va"  in  dia.,  2"  long  overall  4  00 
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SEARCHLIGHT  SECTION 


CAPACITORS 


ONE  OF  THE  WORLD'S  LARGEST  MICROWAVE, 

TEST  EQUIPMENT  AND  TUBE  ESTABLISHMENTS!! 

m  Tg'  — new  unused  surplus  stand. 
®  ard  laboratory  receivers 

IP  dQ  M  AN/APR4  complete  with  five  tun- 

ffl  ”  *  1  ^000  m.c. 

l^W^m  I  an/apr-s,  3000.6000  m.c. 

9  ^  |W  I  an/ APR  10,  2000-4400  m.c. 

Iv%  >S’  NEW  TS148/UP  SPECTRUM 

ANALYZER 


Metalized  paper  bathtub  capacitor.  Two 
2  mfd  sections  with  3  side  terms.  Stand¬ 
ard  dimensions.  The  perfect  crossover 
network  capacitor.  Quo.  discount. 


32  mfd.-eOO  V  . 

4  individual  8  mfd  sections. 
Top  Quality  Brand- 


Dim  4^4a3^4x3' 


OTHfR  TEST  EQUIPMENT  USED  CHECKED  OUT  SUKPIUS 
TS3A  AP  T)S  AP  T$118  AP  TS2I9C  TFm  1 

UFA  AP  TftIC  AP  TSlll  Tft2Sl  APA18 

r%l2  AP  mA  TS117  TS2S4  APAIi 

TA13  AP  Tt>4S  Tftl2S  AP  Tft2S8  AP»I  APS4 

TSU  AP  TS4C  TS12C  AP  Tft2$9  APT2-APTS 

TSIS  TS47  API!  TS17]  TS278  •C1S2C 

TSU  TMl  TS174  AP  TS299  ■C7MC 

TS27  TS82  TS17S  AP  TS419  UPMl 

TS2t  TS49  AP  TSlt2  TS497B  UPM7 

TS13  AP  TSIM  TSIU  TSSJS  UPMJ9 

TSM  AP  TSlt2A  AP  TS2M  TSS4$  UPM13 

TSMA  AP  TSIM  TS22S  TS$97  URMU 

and  many  others 

Phone:  ORogon  4-7070 


NEW  TS-147  X  BAND  SIGNAL 
GENERATOR 

Test  Set  TS  147  UP  is  a  portoble 
Microwave  Signol  Generator  designed 
for  testing  and  adjusting  beocon 
equipment  and  radar  systems  which 
operate  within  the  frequency  range 
of  8500  MC  to  9000  MC 


Metalized  paper  bathtub  capacitor. 
Standard  dims.  ar>d  mount. 


We  corry  one  of  the  largest  tube 
inventories  in  the  USA.  Thou¬ 
sands  of  Magnetrons,  Klystrons, 
Receiving  and  Transmitting  tubes. 
Semiconductors,  etc.  Write,  giv¬ 
ing  your  requirements.  If  you 
hove  similar  items  for  disposal, 
please  offer  us. 


KHHIV  .89  6 
15U0V  .99  ,7 

20<M>V  1.75 
:UHK»V  2.9$  6 
ViOUV  2.4S 
KHHI  4.9$  7 
fylKM)  $.2$  7 
MKHt  $.9$  a 


hMXf 

1500 

fXK) 

KOO 

350V 

600 

6(N>V\( 
I  mm 
isoo 
2mK) 
2S00 


119  PRINCE  ST. 
NEW  YORK  12,  N.  Y. 
Cable  TELESERUP 


WHOLESALE  and  EXPORT  ONLY 
Minimum  tube  order  $25 


LARGEST  STOCK  OF 


MHHI 

5IMHI 

TilWH) 


H.adMt  HS-33  W/cuthiens  and  .x- 

tansion  cord  w/plu9  S4.S0 

Jft-70  Junction  Box  rMdy  to  conn.ct 

w  BC-312.  BC-610.  PE-9S  .  33  00 

00*71  Switchboordft  .  13.50 

BD-72  Switchboord  .  30  00 

SCR  625  Min.  D.t.clorf  .  30  00 

TS-9  t  TS-13  Hand«.t«  3  50 

AN-130A  Ant.nna>  ...  50 

RA-43  B  RA.63  rtctifi.ri  37  50 

ARC-1  R.niv.r-Tronsmittar  Radio  Sot, 

B-wott-IO  chann.l>-100-1S6  MC  24V 

DC  ...  . oo  125  00 

SCR  510  Radio  Sot  30-27  9  me,  BC.630 
Rocoivor-Tronimittor.  PE-120  Powor 
xupplv.  CS-79  Coio  w/tubot  com- 

ploto  .  H50 

ARC-3  Roeoivof*  .  150  00 

BC-603  Rocoivor  .  10  00 

BC-604  Tronimittor  .  5.50 

BC-6B3  Rocoivor  .  15  00 

BC-6S4  Trontmittor  .  8.50 

BC-630  Roc-Tront  .  6.50 

R  77/ARC-3-Cortificatod  .  375  00 

J68/ARC-3-Cortificatod  .  50  00 

2  Moteri  for  J  68  ARC-3  .  40  00 

C  11S/ARC-3  .  5.50 

C87/ART-13-NOW  .  2  75 

CU26/ART-1 3-Now  .  2  75 

BC  788  AM-Now  .  50  00 

EES  Fiold  Phonot-U>od  .  12  50 

RM  29  with  GM  38  otc.-Now  5  50 

8C  611  Hondio  Tolkiot— Now  No  Cato  9.50 

RC  184-Now  .  75  00 

TS  35  A/AP  with  Coblot  .  55  00 

TS  45A  AP  .  17  50 

TS  146/UP  .  5000 

TS  245  TRT  .  27  50 

TS  270/UP  .  50  00 

BDS9  SWBD  .  50  00 

TS9-Hondtot  Now  .  3  50 

CA35S— Copociteri  .  30 

MC  131  Ringor  Ceilt . 15 

EE  65  Tott  Sotf  .  11  50 

F-1  Tronsmittor  Coptulot— Utod  ....  .25 

310  WE  Plug-Utod . 35 

BC  968— Troinor  Now  .  69  50 

SCR  206  Oiroctien  Findor  Comploto .  .  350.00 

ARC-3  Rocoivor  Cortifiod  .  375.00 

ARC-3  Control  Box  J  68  with  2  Motors  50.00 

APN-1  Sott  Comploto— Now  .  37.50 

R9B  Rocoivort  .  17.50 

R  89  ARN  5  Rocoivort  .  37  50 

AS  27  A  'ARN-S  .  10  00 

RT  32/APX-2-Rocoivor  28  Tubot _  12.50 

BC  1000  .  65  00 

MS  30-Now  . 90 

ARN  7  Comploto  Circuit  Diagram  ...  1 .00 

SCR  269— Instruction  Manual  .  1.50 

SCR  284— Instruction  Manual  .  1  50 

TALLEN  CO.  INC. 

159  Carlton  Ave.  TR  5-8241  Broohlyn  5,  N.  Y. 


600 

6(MI 

6<H) 

I  mm 
I  MH) 
iS(m 
2tNm 

2r>m» 

2S00* 
i«mo 
.vmo 
mmVAC 
I  mm 
2000 
660V 
ty»vv< 

64m 
I  mm 
smm 

664lV4t: 

44Mm 

6IN» 

254IO* 

imm 

254m 

64MI 


SOLENOIDS  •STEPPERS 
SENSITROLS 


I  75  «■»>»»«»  -Wl  S 

15KV  1S.»S  3 
.2S  aiKV  l».»S  S 
.23  23k  V  4S.$t  3 

.23  32.3KV  $).H  t 
.23  SI)KV  M.54  n 


PRODUCTION  QUANTITIES 

MOST  MAKES  IN  STOCK 


Send  for  Latest  Catalog  E 


.3  24mO  1.19 

.5  2500  1.29 

.5  3000  2.98 


42WMITE  ST.,  HEW  YORK  I3.N  Y.^WAlfcer  5-9257 


HIGH  KVA  MICA  CAPS 


Money  tavlni  prltM  on  tubes  TV.  Radio.  Tran*, 
mittint.  and  Industrial  Typet-  Ntw,  lit  quality, 
fuaranteed  Toq  name  brandi  only.  Getvernment 
rurpittft  and  commercial  tmt.  lab.  and  communica¬ 
tions  equipment  in  stuck.  Sell  us  your  excess  tubes 
and  equipment.  Unused,  clean  tubes  of  all  types 
wanted  Send  speciffc  details  in  8rst  letter.  Write 
for  *’GrMn  Stioet"  eataloq  25€. 

BARRY  ELECTRONICS  CORP 
512  Broadway  WA  $.7000  New  York  12.  N  Y 


CAPACITORS 

MII.C-25A 

1600  VDC  oil  paper  insulated 
tubular  -L  5%  with  solder  lugs 

5400  pcs  .1  mid 
4600  pcs  .2  mid 
3500  pcs  .14  mid 

HARRIS  TRANSDUCER  CORP. 

Woodbury,  Conn. 


Capitol  2-0131 
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AIRCRAFT  COMMUNICATION  & 
NAVIGATION  EQUIPMENT 

AM  it«mt  below  or#  in  stock,  in  quantity, 

and  toady  for  immodiato  thipmont.  Pricos  on 
roquost. 

.\rN-9  II.HHyntrm 

\K( -I  in  ■!<)  .lOChannrIo 
.%K( -.110/30  lOf  hnnnrlo 
.\K(-IB  MN-20 

AKI  -27  MN-2« 

AKR-I.I  MN-Jir 

\K\-»  MN-M 

AKN-«I  MA-tMiB 

AKN-7  MN-B2.4 

\KN-I2  MR-.19K 

RIIO  Rft  i-lvor  :iO-IIMNI  Mr  TOR 

\RN-II  RTA-IB 

ART-I2A  in  20  to  Channols 
AT-2.MI  ARC  (M  R-.lll 

B(  -;il8  H<  R-.t78 

(Glbfuiii  fairl) 

f'RT-.1  GibMtn  GIri  M  R-7I8AB( 

SIRS  OMM  Rrr. 
171.3  VHK  Xmtr 


5,000  SERIES  &  UP 

Sl.M  snt  S1.7S  SMI  Sl.M 

4.M  S71S  SM7  $.$• 

4.M  S744  l.M  SMS  S.S« 

2.4S  S7S1  2.m  SSS2  •.7S 

l.M  S7t}  .M  SSS3  TC-l*  I.M 

5.75  S7tS  S.7S  SMS  S.7S 

4. M  S7t4  4.M  MM  2.M 

l.U  S7t4WA  S.M  NL71t  Mil  12.M 

5. M  S7I7  1.7S  M12  4.M 

4.75  S7t7WA  4.7S  SMI  I.M 

5.75  SSU  .4t  St7}  I.M 

1.75  Stl4A  I.M  SMS  I.M 

1.2S  M14WA  I.M  Sill  S.7S 

}.2S  M7SWA  I.M  S112  S.M 

V  SMS  I.M  SIM  S.M 

1.2$  SMSA  4.2t  S2tl 

S  SMI  }.7S  UAT7WA  2.M 

2.75  SS44  1.4S  S211  I.M 

.SS  MSS  I.M  S2S3  S.M 

lii  SISB  3S.M 

i*!! 

5.75  MM  3.M  G$24  ll.M 

S.M  StSt  7.M  ^2  IM 

.7S  MM  3.25  i  n 

3.iS  SM2  S.M 

3.1$  SS32  3.M  Mt2  .4$ 

1.2f  $933  I.M  SM3  .M 


MISCELLANEOUS  TUBES 

2H21  ...  S2$.M  3SSA  ...  t 

2€$1  3.M  WC3MA  .. 

2C34  1.9$  WC3MA  .. 

2C22  2.3$  WC311A  .. 

3C22  S9.9S  WC311B  ,. 

3C33  S.M  WC313C 

1C29  S.M  WC314A  1 

3X2SMA3  IM.M  377A 

sen.  ...  S.M  WC32tA 

SCX3MA  39.M  WC331A 

4X1MA  It.M  WC337A 

SXIMO  2t.M  WC3MA  .. 

SX2SM  M.M  WC24SA... 

4C27  7.M  WC3MA... 

S-2M  2t.M  WC3SSS  .. 

S-12$A  It.M  WC3SSA  .  .  ] 

4- 4MA  M.M  WC3MB  ,. 

5- ISMA  12S.M  WC3S9A  . 

SD21  S.M  WC3UAS.. 

5D23  RKSS  7.M  WC171B  .. 

SC21  13.M  WC372A... 

ISC  1.2S  WC373A  .. 

24C  S.M  WC374A... 

HK24  2.M  MIA 

S3A  S.M  WEM7A 

HVSS  I.M  WC3MA 

IBIS  S.M  WC3MA 

IMTH  S.M  WCSSIA 

CIMA  19.M  WCSIIA 
ISIO  2.7S  WC4S3B 

191F  2.7S  WC4MA 

1140  2.7S  WCSI7A 

121A  I.M  WeSMA 

VT>127  I.M  MC412A 
VT>127A  2.M  WCSISA 

f-12iA  7.M  WCSISA 
VT-ISI  S.M  WC41SB 
HF2M  13.M  WC417A 
2flC  13.7S  WCSIIA 

2MA  22.M  WCSISA 

WC2tSF  S.M  WC421A  .. 
211  .49  WCS22A... 

WC21SA  IS.M  WCS23A... 
22t«  Sl.M  WC42SA... 

277A  3.7S  WC427A... 

2MTH  23.M  WC429A 
2MTL  12.M  WCSSIA  .. 
WC2S1A  S2.M  WCSISA. 
WC2S2A  ..  S.M  WC437A 
WC2S3A...  2.7S  WCSSIA 

WC2SSA...  2.2S  SMTH  ... 

2S1A  ...  7.M  S71A _ 

WC2S2B...  I.M  SM  ...  1 
WC2S7B...  S.M  HKSS4  .. 

WC272A...  S.M  7MTL . 

WC27SB...  .7$  113 . 

WC27SA...  2.7$  IIS . 

WC27SO...  7.M  829B . 

WC2I2A...  2.M  137 . 

WC2I2B...  17.M  919. . 

WC2I7A...  2.M  Jfl . 

WC299A...  S.7$  JJJ. . 

WC2S3A...  It.M  U)2 . 

394TN  ....  li.M  ZB33M 


RECTIFIERS  &  REGULATORS 

...  $  .M  3«2i  SS.M  371A  Sl.M 

2.2$  3B2S  S.7S  HIB  I.M 

.M  SRsev  1.2S  S7SA  It.M 

.M  SfISWGA  3.7$  SIS  S.M 

2.2S  SRSWGV  2.7S  MSB  M.M 

.M  SV3WGT  i.M  7tSA  .SS 

2.2$  SX3  2.29  IM  1.29 

.M  211  12.M  I72A  I.M 

I.M  249B  2.M  I7S  .7$ 

A  cA  249C  2.M  171  .M 

T'C  2MII  3.9$  VXBnM  S.M 

I  S  2S7B  S.9S  991  .12 

^  7-M  iiic  2.2$  $931  SUSWQS.M 

92.M  USA  It.M  MIS  3.M 


TEST  EQUIPMENT 


OB2  ... 

OB2WA 

OB3 

OC3 

oesw 

003 

OOlW 

IV 

2CS3 

Rxn 

3B34W 

3B24WA 

3B2S 


BOONTON  NO  203D  Signol 

G«n«ratof  . 

TEKRONIX  $<op«  514D 

. 

GENERAL  RADIO  GR  1S33A  High 
Motion  Pictwro  Strobo  Light. 
With  or  without  Comoro.  FOR 


$375.00 
150.00 
1  *3.5.00 
‘350.<N> 
75.00 
1 .50.00 
M0..5O 
041.00 
45.4M) 
HOO.INI 

I  tott.oo 

35.00 

1041.00 

‘3041.00 

IM)K 

175.«Mt 

50.410 

100.00 

350.4Nt 

Ft>K 

175.00 

75.00 

350.00 

150.041 

135.00 

310.00 

$.541.00 


TH-3 . 

TH-i4tr  . 

TS-13 . 

T!S-I3 . 

TS-15.4.  -B  . 

TH-33 . 

T>-‘3S  OM'illat4»r . 

TH-.55 . 

TH-45 . 

TS-$-3 . 

TH-$7C . 

Ts-89 . 

TH-103 . 

TH  (X.\11ll)  AP.4-5$ 

TH-llO  . 

T'S-1»0 . 

TH.I37 . 

TS-I.55B  . 

TH-I.5.5<’ . 

rs-173  . 

rS-197  . 

TS-‘5.5« . 

Ts-»«Hn  . 

TS-5»3 . 

TS-5  tA . . . 

TS-5.5*3Tr . 

TS-:i8*3  B  . 

TS-410 . 


KLYSTRONS 

2MS$  SlS.ti 


1M91SXA  X491 
B.C.O  SS9.4 

MlXli  1M.4 

2M2S  19.4 

2K2I  24.4 

2IUS  2S.4 

2Ka  SS.I 

2KS4  IS. 4 


IGNITRONS  AND  THYRATRONS 

S9.M  NL19S2  SSS2' 

9  M  FG23SA  M2.M 
22.M  29M  ...  I.M 

3.4S  2tMW  I.M 

I.M  SS$9  FOS7  I.M 
I'li  $$M  FG.SI  17.M 
1*22  S79S  7.M 

7$  M  IM.M 


CIK  . 

1C 

2021 W  .. 

less  ... 

SB2S 

CSB 

CLSB 

se22 

eSM  SS29 

FQ.32 

FGltS 


SCOPE  TUBES 

..  S2.M  SCBtl  ....  S7.M 

..  I.M  SePllA...  t.M 

..  1.71  SFP7A .  2.M 

..  12.M  SJBl  .  I.7S 

..  I.M  SJPIA .  2S.M 

..  2.M  SNPl .  2.M 

..  M.M  7BP1A _ IS.M 

..  1.2$  7CP1 .  2.M 

...  I.M  9LP7  . It.M 

..  2.2$  120P7  ...  i2.M 

..  1.7$  SlUCPll...  2$.M 

7.M  M2P1  _  2.2$ 


2AB1  . . 
3AP1  .. 
lepi  . 
30ri$2 
3FP7  .. 
3CP1  .. 
3W2n. 
3cn  .. 
SBPIA.. 
SBP4 . . . 

sen  .. 

SCPIA 


HEWLETT-PACKARD  EQUIPT. 


313A 

410B 

BOSA 


QUALITY  TUBES! 


MAGNETRONS 

S4.7S  4J13 . S4S.M 

S.M  4i34  .  2$.M 

S.M  4i3S  7S*M 

S.M  Si42  3S.M 

2S.M  SJM  M.M 

2S.M  SJSl  7S.M 

12.2S  SJS2  M.M 

S.M  SJM  12S.M 

29.M  SJS4  S9.M 

.  It.M  $J21  7S.M 

.  29.M  QKM  IS.M 

.  2I.M  QKS2  19. $9 

..  M.M  QK2U  SS.M 

..  24. M  QK3SS  M.M 

..  32.M  QK3S7  SS.M 

.  139.M  7MAY-GV.  9.M 

.  IM.M  714AV  M.M 

..  SS.M  72tAV  CV  32.M 

.  M.M  72tAV  ev  SS.M 

. .  9.9$  72SA  2.M 

. .  S.M  MS7  IM.M 

3$.M  S7I9  IM.M 

SS.M  Sin  7S.M 

12S.M 


WRIT£  FOR  OUANTfry  PRICiS 

IM-IBIS  79-SBMS  2M-I19C  2M-I72A 

1M-2C4S  1999-SJS  1M-4UA  S-II9IIA 

7M-2029  1SM-S$H7  7M-3S9A  lM-923 

S9t-2C29  399>S$K7GTV  2S9-n4A  1999>9S7 

1M-2G21  3M>S$K7W  Itt-MIA  2M9-1S2S 

3M-IAF1  2M>S$M7V  2M-3S7A  3M-29MW 

M<3C22  Stt-SVSG  S9t>St7A  39<SSS9 

29$.3CSS  IM-7ePl  39t>4MA  ltt-S792WA 

7M-1FP7  IM-12AT7WA  2S9-417A  It9-S793WA 

SM-NftS  19M-12CI  1M'791A  29M-S71t 

SM>N$S  1M-12HS  S99>CK-7M  1M>S719 

1M>SX1MA  SM-12SH7  29-71SAV  3M-S7S1 

1M>CSB  SM.1SJ7  SM-71SB  S9t9-M14 

7M-SAB7  499-HK-24  1M-721A  B  SM-$ttt 

19M-SAC7  IM-ISC  19M-I1S  1M-S993 

IM-SATS  SM-ISR  2M-72Se  2M-S91S 

3M-SAUSWA  IM-VT-IU  3M-9UW  2999-StS$ 

SM-SBAS  SM2S7B  1S-IS3  2M-S211 

7M<SBA7  2M-272A  1M-IS4  1999-9992 


2J21A 

2J22 

2J2S 

2J27 

2J2I 

ZJ29 

2JI1 

2J12 

2J33  . 

2iM  . 

2J37.. 

2J3i  . 

2i42  . 

2J4I.. 

2JM.. 

2JS1 

2J$1A 

2J$$.. 

2JM.. 

2iSl  . 

2JS2  . 

4J21 

4J2S 

Sill 


.5r.|0.\  Tunret  S«*orlii|c  Snt  .  •  .  FOR  RE-1A 

<iR$5«lA .  175.00 

GK-715.% .  34NI.INI 

I-34M1  .  70.4MI 

IK- 19 .  350.4H1 

MK-5ir  .  I75.mt 

SSt-55  I  KM  5 1  .  44NMM1 

SFKKKY  SiYROSrOPE:  Rrmotn  Fllxht  Conlrnl 

l.ltir*  .Ynal.vtnr  .  .  .  POR 

OHS’.  <  41SH<M’  irSSSB .  75.4MI 

lafih.  *lA4'k,  C'nnro-l.eni**r  371941H9 .  16.4MI 

I' K  51- 15  .  .5IM).4M) 

|’RM-$t .  075.4N» 

i  KM-A4)  FrfNi.  Mntnr .  9410.00 

Not«*:  All  alN»ve  miutpmnnt  can  be  certi¬ 
fied  to  meet  original  npecn. 

THIS  18  PARTIAL  LIST!  Write  for  pricee  on  thouoandt  of  other  tubot  now  In  ttoch. 

SAMC  DAY  SHIPMCNT^RDER  NOW!  Minimum  order  $10.00 
AH  iftmi  F  O.B.  lot  Ango/ot,  lubiocf  to  prior  »aio  ond  choago  of  prico  without  notfC9. 
Write  for  unlittod  Itomi  or  cnil  REpublic  5-0215.  Cable:  VHRAOELCCT.  Bell  Telephone:  TWX  LA  MSQ 


iin«ler 

iiulpment 


V6lH  RADIO 


ELECTRONICS 
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¥ 


SEARCHLIGHT  SECTION 


^adatah  in 

87-17  124th  St.,  Richmond  Hill  18,  N  Y. 
Phone  Virginia  9-8 181-2-3 

OVERSEAS  CUSTOMERS  CALI  US  DIRECTLY  BY 
TELEX  OVERSEAS  TELETYPE  TWX  N  Y.  4  4361 


PE-95  ^ 

This  ii  a  10  KW  110-220  volt  «>0 
ryele  tasoline  power  plant,  the 
online  used  in  this  unit  is  a 
standard  Willys  Jeep  type.  Push 
button  itartini  is  incorporated  in 
this  unit  utiliiini  a  12  volt  bat¬ 
tery  system.  Remote  startinp  may 
be  used  up  to  200  feet  away.  This 
power  plant  has  a  larpe  pasoline 
tank,  fuel  pump  and  its  own  bat¬ 
tery  charpini  eouipment.  This  is 
completely  overhauled  ready  to 
operate.  POR 


SATELLITE  RECEIVER 


This  receiver  is  desiined  for  single  frequency  reception  of  modulated  radio  signals  within  the  frequency  range 
of  TO  to  200  me.  At  the  frequency  of  108  me  the  receiver  has  an  apprex.  sensitivity  ot  4  microvolts  lor  an 
output  of  50  milliwatts.  Input  voltage  is  110  60  cycles.  The  output  was  designed  for  500  ohms,  antenna 
impedance  70  ohms.  This  receiver  makes  a  One  satellite  monitor  or  lab  type  receiver.  This  receiver  was 
manufactured  by  Wilcox  Electric  and  is  brand  new.  complete  with  tubes  but  less  crystal.  Price  $169  50  ea 


APA-17 

This  is  a  direction  finder  that  is  used  with  the 
APR-l  and  APR-4  leceivers.  This  unit  provides  a 
visual  indication  as  to  the  relati’O  bearing  of  the 
radio  or  radar  signal  that  is  received  on  the  recet  er 
unit.  Power  input  llOv  400  cycle  and  24v  DC 
APA-I7B  units  cover  frequencies  up  to  10.000  me 
POR 


ANTENNA  PEDESTALS 

We  have  a  large  inventory  of  radar  type  antennas  and 
a<sociated  pedestals,  such  as  SCR-584,  MPti-2, 
SCR-545.  SA.  8K,  8C.  8CR-S82,  APG,  APS.  APQ. 
and  many  others.  Please  send  your  requirements. 
Other  data  on  request 


RDO  RECEIVER 

This  Recei.er  wt.  orifinally  dniined  at  a  RADAR  Counlerniaaturr  unit.  Tht  lr,.«urncy  covtrml  ay  Ihii 
recaiver  It  38-4000  Me.  Th«  receiver  utei  i  leearate  RF  tuninf  unit  headt  to  rover  the  entire  ranae  The 
IF  frequency  it  30Mc.  Provitieni  are  incorperated  in  thit  racaivet  ter  the  oaeralor  to  ute  a  Panadapter. 
Pulse  AnalyaeY  pr  both  to  view  the  incominp  tipnal.  plea  included  are  input  and  putput  timil  ttrenpth 
metert.  Input  voltape  IIOv  60  cycle.  All  tuning  unitt  and  raeeiver  are  totted  hetore  thipment  at  to  operation 
and  calibration.  Frequency  calibration  it  apprai.  I*,  from  38-1000  Me.  and  2*.  fiom  1000-4000  Me  POR 


MILITARY 

TYPE  TEST 

EQUIPMENT 

TS.3 

TS-61 

TS-125 

TS-247 

TS-3S3 

TS-12 

TS-62 

TS-126 

TS-250 

TS-419 

TS-13 

TS-69 

TS-146 

TS.25I 

TS-488 

TS-14 

TS-B9 

TS-147 

TS-2S8 

TS-497 

TS-IS 

TS-100 

TS-14B 

TS.259 

TS-S4S 

TS-33 

TS-I02 

TS-I55 

TS-268 

TS-SB7 

TS-34 

TS-108 

TS-173 

TS-270 

TS-667 

TS-3S 

TS-ni 

TS.174 

TS.311 

BC-221 

TS-36 

TS-n7 

TS-175 

TS.323 

ALL  URM 

TS-45 

TS-120 

TS-239 

TS-352 

ALL  UPM 

WE  HAVE  MANY  OTHERS-SEND  US  YOUR  REQUIREMENTS 


3"  Round  »  ^  _ 
Elapsed  -12^® 
Time  Meter 


WESTON  PMOTROWIC  CELL 


PHOTO  ELECTRIC  Switch 
Oxrknt^s  thnms  thr  nwitt'h 
ruins  light  on  at  think  .  .  . 
at  daun.  Fools  hurglarw 
who  Matrh  for  tignn  of  an 
rritptv  house . 


TELECHRON  Motors 


$3.95  60  RPM 
.  2.90  3  RPHr  . . 
3.90  I  RP.2Hr. 
3.15  1  RP  l2Hr. 


S4.85 
.  2.85 
2.80 

3.25 


I  RPM— so  Cycles.  $1.85 
Laboratory  Spoctal  I  of  Each  Motor  $25 


D.E.UA.Y.E-D  a.c-t-i*o>n  light  switch 

^huts  light  i}tt  aiitoiuatlcally  almost  a  minute  latei. 
Kt-t-iRN  porch  or  garage  light  r»n  after  you  nhut  it  f>ff 

83.50 

DEALERS  WRITE  FOR  PRICES 


6  WATT  MOST  POWERFUL 
TELECHRON  MOTOR 
IIO-V.  60  CY 

I  RPM  .  .  6.50 


HAYDON  TIMING  MOTORS 


I  REV  4  Hours .  $1.70 

I  RPM  230v  60cy  1.00 

1  RPM  I  lOv  60cy  .  2.60 

2  RPM  230v  60cy  .  1.00 

30  RPM  IIOv  60cy  .  2.60 

450  RPM.  yes  450  RPM  .  1.30 

HANSEN  Synchron  4  RPM  4.24 

CRAMER  4  RPN  4.65 

Laboratory  Special  I  of  Each  Motor  .  $15 


RELAY  CONTACT  BURNISHERS  .59-2  for  $1  00 


PM  MOTORS 

Made  by  75 

OELCO  or  DIEHL 
Removed  from  pquipment 


BLAN 


SCR  S84  Mnimiit 
PEDWS 

Complete  360°  azimuth  &  full  eleva¬ 
tion  sweep.  Fully  equipped  with  ozi- 
muth  &  elevation  motors,  potentiome¬ 
ters,  selsyns,  and  omplidynes.  The  ideal 
antenna  system  for  sky  sweeping, 
tracking,  telemetering. 

In  Excellent  Condition.  Delivery  from 
Stock.  An  outstanding  buy  at  our  spe¬ 
cial  p  ice. 

SSO 

FIFTH  AVE. 
NEW  YOUK 
JUOSON 
6-4691 


RADIO  RESEARCH 

instrIiment  CO. 


a  TERRIFIC  BARGAIN  in  a 


SOLA  CONSTANT- 

VOirAGE 

TRANSFORMER 

End!  fluctuating  ling 
voltage* 

Big  Discount  Off  . 

th*  factory  prtc* 

2.000  VA  unit! 

anothop  l>onus! 

•toch.  Sola  Cat. 
90-12S  V..  1PO-2SO 
SMondary  i*  constant 


nout  ppicat 
nal  wood  bos 

cu.  ft.  Ship.  wt.  2S4  ibs 

O.  B.  Wasco.  Wash.  Onty 

THE  M  R  COMPANY 
O  Box  I2n-B  Bqvarly  Hill*.  Calif. 


*1 


TS-403  SICNll  GENERITOK 

Frequency:  1800-4000  MC.  This  unit  is 
equivalent  to  Hewlett-Packard  616-A. 
Checked  out  and  in  ^ 

excellent  condition.  $950.00  ©Q. 

We  hovq  qatansive  inyntory  of  military 
and  commerciol  Test  Equipmtnf.  Immtdiatt 
action  on  all  inquiries.  Writo  today. 


J.  J.  CANDEE  CO. 

4002  W.  Burbank  Blvd.,  Burbank,  Calif. 

Phonq;  Victoria  9-2411. 


SEARCHLIGHT 

Equipment 

Spotting  Service 

This  aorvicB  it  aimqd  at  Kqlpin9  you*  Hw 
rqodqr  of  ^'SEARCHLIGHT",  to  locotB  Surplus 
nqw  and  ut*d  •iBCtronic  Bquipmqnt  and  com- 
ponBott  not  currBnffy  odvBrfraqd.  (This  tBrV’ 
icB  it  for  USER-BUYERS  only).  No  chorg*  or 
obligation. 

How  to  oto:  Chock  tho  doolor  odt  to  too  If 
what  you  wont  it  not  curronffy  odvortitod. 
If  r>ote  tond  ut  tho  tpocificotiont  of  tho  oquip- 
mont  ond/or  componontt  wontod  on  tho  cou¬ 
pon  bolow,  or  on  your  own  compony  lottor- 
hood  to: 

Soorcfifight  Equipmont  Sporting  Sorvico 

c/o  ELECTRONICS^ 

P.  O.  Box  12  N.  Y.  36,  N.  Y. 

Your  requirements  will  be  brought  promptly 
to  the  ottenlion  of  tho  oquipmeot  doolort 
advertising  in  thit  section.  You  will  recoivo 
replies  directly  from  thorn. 


Searchlight  Equipment 
Spotting  Service 

C/O  ELECTRONICS 
P.  O.  Box  12  N.  Y.  36,  N  Y. 

Pleoto  help  u>  locate  the  following  equipment 
components: 


NAME 
TITLE  ... 
COMPANY 
STREET  .. 
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Mititiifiii'liirlnc  4'f».  30 
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K*-<|  Hank  IMt.  ..  3« 

Hlllo  Klfitrir  1311 
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the  multi-channel 
heart  of  any 
automation 
system... 
BEAHIE-COLEMAN’s 
LPR-6 
PROGRAMER 


■c 


I  ? 


i 


'  This 
LPR  6 
Programer 
is  the  inexpensive 
laboratory  version 
of  the  famous  Beattie 
Coleman  MPR13  missile 
j  Programer.  Immediate 
/  delivery.  Let  us  show  you 
how  the  LPR  6  can  help  solve 
your  programming  problems. 


i'--' 
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COMPONENTS  DIVISION 


COSSOR 

CANADA  LIMITED 


301  WindsGT^^,  Halifax,  N.  S. 

8230  Mayrond  -Montreal,  Quc. 

G48A  Yonge  St.,  Toronto,  Ont. 

Corporation  House,  ]60lLauncr  We«t,  Ottawa,  Ont. 


Two'Asis  Hsad  Toha 

Component  Development 
Engineering  at  its  BEST! 


ELECTRICAL  DESIGN 
MECHANICAL  DESIGN 


CIRCLE  1M  READERS  SERVICE  CARD 
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Built  to  the  moat 
SpeciBcationa 
by  Coaaor  Cngineera 

la  Musaetel  Coms  fee  Optimum  Oeometnr 
la  Peerite  Ceres  lor  Speed  en4  Sensitivity 

la  Bea*meenetic  Cores  for  Fsrfoetion  of  Response 


Any  of  Coasor'a  Three  Core  Types  can  be 
made  in  aingle  or  double  axis  with  single  or 
push-pull  windings,  and  encapsulated  for 
fixed  or  slip  ring  (rotating)  use. 


Normal  charactenstics  of  yokes  for  1-1  2  tn. 
neck  tabes  are 

PoaitkMkai  z-rr-irtcy  •  the  spot  poaituMi  will  cm- 
form  to  the  yoke  current 
co-ordmatea  within  0.2$% 
ci  tube  diameter.  For  de¬ 
flection  angles  less  than 
1  35^  better  accuracy  esn 
easily  be  achieved 

Memory  •  0.$%  max.  without  over¬ 

awing 

0. 1  %  or  less  with  controlled 
overswing. 

Complete  esKVf*  ^  -t.on  in  epoxy  (stycast)  or 
atlkone  reams  is  for  all  Cossor  deflection 

yokes,  and  is  done  with  special  moulding  tools 
enaurtng  acotrate  of  the  yoke  axis.  When 

slip  rings  are  added,  iwlid  silver  rings  are  mounted 
in  eocapeulating  resin.  The  finished  slip  ring  yoke 
is  precisioo  turned  to  ceBOe  bore,  and  can  indude 
bearing  mounting  suriacea  dimensional  toler¬ 
ances  approaching  thoK  asixiable  mth  high  quality 
metal  parts. 
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Radiometer  . 137 
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Kattlieoii  %lfg.  Company .  8 

Ketere  Corporullon  of  .\merlra .  134 

Rotron  .^laiiiifacttirliig  C  o..  Inc .  IfNi 


Salon  International  OK  LA  Pl^e 

O^tachi^*  KlertronUiue  . .  155 

Sealei-tro  f'orp .  I?7 

SerIii  Kleclrlc  C’*i. .  ?0 

^*ren'i»eo  A  <  iK,  Im* .  H 

H|M-rr>  ft>riH»co|ie  f  ompany,  IHtUloii  of 
sp*-rr>  Rand  t  4»rp .  |» 
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Teniudlte  liiaulated  Wire  C’o.,  Inc .  .79 
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Traiiuradin.  Ltd.  151 
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Professional  Services  . .  169 

CLASSIFIED  ADVERTISING 
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EMPLOYMENT  OPPORTUNITIES.  163-169 
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PERCENT  OF  UNITS  lESS  THAN  ORDINATE 


Tor  your  audio  sorvo  applicalioiis  .  .  .  for  your 
circuits  tliat  (Iciuaiid  power  at  tempera¬ 

tures,  specif\  'l  l  2\3h9  and  2\42l  lut^h  power 
silicon  transistors.  Obtain  optimum  perlormaiice 
from  ~ bo  ( i  to  2(K)  (]. 

Hot!)  units  an*  derated  Irom  So  watts  at  25  (-  to 
2fH)  (J  and  eomliiiie  tlu*  additional  advantages  ol 
low  distortion  .  . .  stability  . .  .  lu,u;b  reliability. 
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Storage  Temperature 

-65  C  to  f  200  C 

AVAILABLE  TODAY  IN  1-99  QUANTITIES  FROM  YOUR  NEAREST  Tl  DISTRIBUTOR 


TEXAS  INSTRUMENTS  SALES  OFFICES 
DALLAS  •  NIM  YORK  •  CHICAGO  •  LOS  ANGELES 
CAMDEN  •  DAYTON  •  DENVER 
DEIROir  •  OTTAWA  •  SYRACUSE  •  SAN  DIEGO 
SAN  ERANCISCO  •  WALTHAM  •  WASHINGTON  D.  C. 


Texas  Instruments 

INCORPORATED 

SCMICONOUCTOIt  -  COMPONENTS  DIVISION 
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A  miltiton*..^^^  RCA't  2,000.000.000  tub*  y*ar 


RADIO  CORPORATION  OF  AMERICA 

®  Electron  Tube  Dlvlnlon  Marriaon,  M.  J. 
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for  every  job 
in  microwaves 

Pacing  the  fast-moving  advance¬ 
ments  in  tubes  for  microwaves, 
RCA  offers  designers  a  comprehen¬ 
sive  line  of  low-noise  and  power 
traveling-wave  tubes— for  any  ap¬ 
plication  in  the  L,  S,  C,  and  X 
bands.  These  tubes  feature  a  major 
improvement  in  traveling-wave 
tube  manufacture:  high  uniform¬ 
ity  of  characteristics  maintained 
through  rigid  RCA  quality  control. 

RCA  power  types  incorporate  in¬ 
tegral  periodic-permanent-mag¬ 
netic  focusing— a  design  advantage 
that  eliminates  the  need  for  sole¬ 
noid  power  and  reduces  package 
size  and  weight. 

RCA  low-noise  receiving  types 
provide  increased  receiver  sensi¬ 
tivity  across  octave  bandwidths. 
And  they  are  “tailored”  to  meet  the 
requirements  both  in  new  equip¬ 
ment  designs  and  in  modernization 
of  existing  microwave  systems! 

Reflecting  RCA’s  traditional  en¬ 
gineering  knowhow,  RCA  travel- 
ing-w'ave  tubes  are  designed  for 
military  environments.  For  prompt 
service  on  your  needs  for  traveling- 
wave  tubes,  get  in  touch  with  the 
RCA  Sales  Office  nearest  you. 

GOVERNMENT  SALES 

•  4IS  South  Filth  St..  Horriten,  N.J. 

HUmboldt  S.3900 

•  224  N.  Wilkinion  St..  Doyton  2.  Ohio 
BAIdwin  6  2366 

•  162S  K  "  St..  N.  W.,  Woihington  6.  D.C. 

Dlitcict  7.1260 

INDUSTRIAL  PRODUCTS  SALES 

•  744  Bfood  St..  Nowork  2.  N.J. 

HUmboldt  S-3900 

•  Suit*  1134.  Morchondit*  Mort  Floio 
Chicogo  34,  IMirroit 

WHitohoM  4. 2900 

•  6333  E.  Woihington  lUd.,  lot  Angol*i  22,  Colli. 
RAymond  3-8361 


